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DISSERTATION. 


“ fFAat are Me causes and nature of Cholera Infantum, and the best 
mode of treatment to be employed therein 1” 

Cholera Infantum has not hitherto received that attention which its 
prevalence and fatality demand. Its literary history includes only the 
recorded experience of a few medical observers, whose researches tend 
more to illustrate the symptoms and progress of the disease, than to un- 
fold its pathological states and relations. Its attacks are almost entirely 
confined to teething children, especially during the period which inter- 
venes between their fifth and twentieth month. It prevails, during the 
warm season, in the large towns of Europe and the United States, and 
in climates within the tropics. In the United States, its prevalence is 
mostly confined to large and crowded cities, between the months of May 
and October. In the country it seldom makes its appearance, except 
occasionally in villages where the houses are very compact, or in locali- 
ties rendered unhealthy by their moisture and low situation. It com- 
mences in the southern States, the Carolinas, Alabama, Louisiana and 
Mississippi, in April or May ; in Pennsylvania, Maryland, Virginia, 
Kentucky and Ohio, in June; in New England, in August, where the 
disease is most frequent in September. 

Its fatality is very marked ; it being about one fourth of all the deaths 
among children in our large cities. Its ravages seem to increase, as we 
approach towards the equator. In the city of Philadelphia, the average 
number of deaths, among children under two years of age, is two hun- 
dred annually. In 1823, two hundred and fifty children died of cholera 
infantum in Baltimore. In Cincinnati, its fatality is very great. Dr. 
Cartwright remarks, that the traveller, on visiting the burial places of 
that city, is astonished at the immense number of children’s graves. 

Cholera infantum most commonly commences with vomitings and 
purgings, which are associated with high febrile excitement. Diarrhoea, 
in some instances, precedes, for several days, the occurrence of vomiting, 
but most frequently they occur simultaneously, or alternate with each 
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other. Functional disturbance of the nervous system, and v slight irrita- 
tion of the mucous membrane of the alimentary canal, usually precede 
the vomitings and purgings. The matters vomited consist, at first, of a 
greenish or yellow fluid, and afterwards of a frothy mucus, and of drinks 
that may be given to the patient. The alvine discharges occur from 
three to twenty times in the course of twenty-four hours. The dejections 
vary in appearance, sometimes consisting of an abundant secretion of 
mucus, slightly tinged with bile, and mixed with pieces of curd, if the 
child have been fed on milk ; sometimes they consist of a copious exhala- 
tion of serum, containing small portions of mucus ; sometimes they are 
slimy and bloody, without any tinge of bile. The faecal matter is mostly 
retained in the intestines; small portions of it occasionally escape with 
the other discharges. The discharges want the true faecal smell ; they 
are, mostly, sour or putrid, like water in which putrid meat has been 
washed. As the disease advances, the secretion of bile is suspended. 

This irritability of the alimentary canal is accompanied by a remittent 
fever, whose exacerbations are highest in the evening. The patient is 
restless and irritable. The pulse is small, quick, and frequent, sometimes 
corded. The thirst is intense, in all stages of the disease. The tongue 
is covered at first with a thin white fur, but gradually acquires a dry, red, 
and polished appearance, particularly when the disease is prolonged. 

The patient evidently experiences the same indescribable distress 
about the epigastric and praecordial regions, which is felt in the cholera 
of adults. In severe cases, spasms occur in the abdominal muscles, and 
in the muscles of the extremities. The patient draws up his feet, and is 
uneasy in every position. 

The brain is, early, sympathetically affected, as indicated by a ten- 
dency to stupor or delirium. The eyes are either fierce, or dull and 
inanimate, and the patient sleeps with them half open. The head and 
abdomen are hot, while the extremities are cold. 

In the most violent form of the disease, the vital powers are suddenly 
exhausted, the extremities become cold and damp, the surface of the 
body collapsed, and death ensues within a single day. Fatal exhaustion 
rarely occurs, however, before the fifth or sixth day. 

In many cases, the vomiting and severe symptoms gradually diminish, 
a general moisture of the skin and an equal distribution of temperature 
ensue, [and convalescence begins in five or six days from the commence- 
ment. If convalescence do not occur in a few days, rapid emaciation 
takes place. The whole adipose substance appears to be absorbed. The 
skin is dry and harsh ; on the forehead it appears tight, as if bound to 
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the bone ; on the inner part of the thighs, and over the abdomen, it has 
a wilted appearance. The countenance is contracted, and of a deadly 
paleness. The nose is sharp, and the lips thin and shrivelled, as in old 
age. The extremities are cold and damp, and the head and abdomen 
preternaturally hot. The thirst is excessive, and the desire of cold 
drinks constant. The irritability of the stomach is so great, that cold 
water, the only drink which the patient does not refuse, is retained but a 
few moments after being taken. The disease may continue thus for 
many weeks, and yet recovery may occur from such excessive exhaus- 
tion and emaciation. 

Frequently, a fatal termination is produced by the affection of the 
brain, which assumes the form of acute hydrocephalus. The little pa- 
tient rolls his head about when awake ; when asleep, the eyelids are 
half closed and the eyes turned up. He gradually sinks into a state of 
insensibility, so that, as noticed by Dr. Rush, flies alight on the eyes 
when open, without exciting a movement of the eyelids for their removal. 
Death generally occurs in a paroxysm of convulsions. 

Another termination results in the more protracted forms of the com- 
plaint. The disease seems to fix with a firmer grasp upon the intestines. 
The alvine discharges are dark and offensive, and so acrid as to excoriate 
the parts about the anus. The function of digestion is suspended, and 
the ingesta pass through the intestines in an unaltered state. The thirst 
is excessive. Aphtlye appear on the tongue and inside of the cheeks, 
and purple spots on various parts of the skin. The face and feet become 
(edematous ; the abdomen tympanitic ; the patient dies in a comatose 
state. 

Prognosis . — The prognosis is very uncertain in this disease. A fa- 
vorable issue may be expected when the liver resumes its functions, and 
the alvine discharges assume a natural appearance. The renewed secre- 
tion of bile, causing dark bilious discharges ; a uniform moisture of the 
skin, and a natural temperature equally diffused over the surface of the 
body ; the cessation of the irritability of the stomach and bowels, of the 
fever, and cerebral disturbance, are among the favorable prognostics. An 
increase of the cerebral symptoms, of the restlessness and spasms; con- 
vulsions, extreme nervous sensibility, or coma; a small thready pulse; 
hurried respiration ; constant vomiting; watery, greasy, reddish, and dark 
flocculose discharges ; stools of pink-colored margin ; cold clammy surface, 
and haggard countenance, are among the principal unfavorable signs. 
Dr. Dewees notices, as fatal signs — the appearance upon the chest of a 
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crystalline eruption, consisting of an immense number of watery vesicles ; 
live worms crawling from the throat, and the thrusting of the band or 
fingers into the back part of the mouth, as if to remove something from 
the throat. Dr. Rush says, “ An emaciation of the body to such a de- 
gree *as that the bones come through the skin, livid spots, a singultus, 
convulsions, a strongly-marked Hippocratic countenance, and a sore 
mouth,” generally precede the fatal termination of this disorder. 

Diagnosis . — The disease can rarely be mistaken for other intestinal 
diseases of infancy. Dr. Jackson says that the disease has been some- 
times confounded with an affection of children previous to the age of 
dentition ; arising from some error in diet, or from general debility and 
indigestion, in the nurse ; the a! vine discharges being frequent, and con- 
sisting partly of faecal matter, and partly of mucus colored with green 
bile, of curdled milk, and a watery fluid. This disease is readily distin- 
guished from cholera infantum, by the want of that constitutional disturb- 
ance which interrupts the growth and vigor of the body. 

Causes of Cholera Infantum . — In the first place, this disease has a 
specific miasmatic cause. Most endemic maladies, probably, arise from 
some emanation from the soil, owing to the dissolution of animal and 
vegetable matter. We know not the nature of these miasms, because 
they are beyond the reach of our senses and the analyzing processes of 
art. It is probable, however, that, at first, the animal and vegetable 
matter is decomposed into atoms of effluvia; and that these atoms of 
effluvia enter, afterwards, into those peculiar combinations which consti- 
tute specific miasms. Our knowledge of the^origin of febrile miasm con- 
sists, chiefly, in the established fact, that for its production are required 
a combination of four elements — animal or vegetable matter, atmos- 
pherical air, a high temperature, and water in a moderate quantity. But 
the circumstances of temperature and moisture, elevation, texture and 
depth of soil, which determine the specific form of the febrile miasm, are 
beyond the reach of our observation and experiment. We do not know 
all the combined causes required to produce “ hepatitis on the coast of 
Coromandel, elephantiasis in Malabar, beriberi in Ceylon, Barbadoes leg 
in the Antilles, goitre among the Alps, the plica in Poland, cretinism in 
the Vallais,” or cholera infantum in the large cities of the United States. 
The existence of the febrile miasm, producing cholera infantum, is known 
by its effects. It is confined to particular localities, supplied with mate- 
rials for the production of miasm. Were the disease attributable to com- 
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mon causes, as heat, moisture, and atmospherical vicissitudes, this pestis 
infantum would be a pervading disease, through the whole range of the 
United States. But its great source is to be found, only, in our large 
cities, where heat, moisture, a semi-stagnant atmosphere, and filth, or 
animal and vegetable remains, spread over a large surface, readily pro- 
duce the malarious emanation . 

Dr. Eberle has offered two objections to the malarious origin of cholera 
infantum. 1st. Its occurrence is almost exclusively confined to the pe- 
riod during which the process of primary dentition is going on. 2d. In 
the eastern cities of America, particularly in Philadelphia, it often pre- 
vails extensively during the months of June and July, some time before 
the ordinary miasmatic diseases are wont to make their appearance in 
our climate. To the first objection, we answer, that it is not un philo- 
sophical to suppose that a febrile miasm may be injurious during the first 
two years of infancy, and that the increased stability and firmness of the 
constitution may, afterwards, resist its deleterious effects. The second 
objection involves an assumption of knowledge to which medical science 
has not yet attained. We do not know the exact periods of time re- 
quired for the production of different febrile miasms. The miasm of 
yellow fever requires the continuance of tropical heat, at least for a 
month.* The miasm of cholera infantum may require a less degree of 
heat, for a comparatively short period. 

Among the concurrent causes of this disease, we may mention the age 
of the patient, dentition, high atmospheric temperature, impure air, 
atmospherical vicissitudes, and errors in diet, with premature weaning. 

1st. The Age of the Patient . — The animal organism is, as yet, in 
the progress of development. The nervous system is in a state of 
growth, and undergoing those secret changes of nutrition, by which its 
organization is to be completed. The process of nutrition causes to be 
centred, there, a full supply of blood, and a high degree of vascular 
action. The mucous membranes are undoubtedly in a comparatively 
imperfect state, in regard to their organization. Their consistence is so 
soft as to be readily scraped off after death, in the form of a pulp. 
When their organization is completed, they probably possess sufficient 
tenacity to be dissected off as distinct membranes. The functions de- 
pending, for the regularity of their performance, on the condition of the 
several structures, are liable, at this period, from comparatively slight 
causes, to be exalted from a physiological to a pathological state. The 
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vis conservatrix naturae, the power, which, in the perfect state of the 
animal organism, maintains an equilibrium in the distribution of the 
vital forces, opposes, in the irritable state of infancy, but a feeble effort 
to the action of febrile miasm. 

2d. Dentition is so marked an agent in the production of this disease, 
that some writers have thought it a necessary cause. But the fact that 
the cholera infantum occurs, occasionally, after the period of primary 
dentition, renders it unphilosophical to consider it in any other view than 
as a concurrent cause. Dentition, in some rare cases, causes no general 
disturbance of the system, and simply excites an increased secretion of 
saliva, and perhaps of the pancreatic fluid. In most cases, it causes a 
morbid irritability through the whole frame, and kindles disease in those 
structures which are in a state of growth, especially the nervous system 
and the mucous membranes. Its chief agency is exhibited in associating 
together diseases of the nervous centres with diseases of the alimentary 
canal. Hence in cholera infantum it acts by producing a primary cere- 
bral irritation, and a consequent irritability of the stomach and bowels. 
Constitutional irritation from teething occurs, chiefly, during the period 
between the fifth and twentieth month. Hence the prevalence of cholera 
infantum during this period of infantile life. 

3d. High Atmospherical Temperature. — This disease occurs, only, 
during the warm season in temperate regions. Its prevalence and fatality 
are very marked in warm climates. Dr. Dunglison, in his work on 
Hygiene, explains the morbid influence of an elevated temperature on 
the animal economy, in the following manner: “ The constant evapora- 
tion by the cutaneous and pulmonary transpiration maintains the absorb- 
ents of the intestines in a state of irregular erethism, which predisposes 
them to a morbid condition.” High ranges of atmospheric temperature, 
without doubt, have a tendency to maintain the functions of the skin, the 
liver, and the absorbents of the intestinal canal, particularly the upper 
part, in a state of constant excitement. The pulmonary function, also, 
is not properly performed in high states of temperature. The blood, not 
undergoing its salutary changes in the lungs, becomes a powerful agent of 
disease. The morbid matters, retained in the blood from the imperfect 
exercise of the depurating organs, are carried, by the vascular system, to 
the seats of irritation, established by the concurrent causes of the disease. 

4th. Impure Air. — The impure air of cities, independent of the spe- 
cific miasm, predisposes the system to the disease. It acts through the 
medium of respiration, contaminating the blood, and lowering the general 
tone of the system. In the narrow lanes and alleys, and in the filthy and 
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crowded habitations, of our large cities, the morbid agency of impure air 
is seen in the great prevalence of this disease. Dr. Parrish has well de- 
scribed its effects. “ Let any one take a walk, in a summer morning, 
through the thickly built lanes and alleys of Philadelphia, and he will be 
struck with the appearance of the children reclining their heads, as if ex- 
hausted, upon the breast of their mothers, with a pale and languid coun- 
tenance, a cool and clammy skin, a shrunk neck, and other signs of 
debility, arising from their confinement, during the night, to close and hot 
apartments.” The prevalence of an epidemic principle seems to increase 
the mortality of the disease. Thus, during the prevalence of the malig- 
nant cholera, the number of deaths from cholera infantum, in Philadel- 
phia, was as follows, according to the tables of Dr. Emerson. 



June. 

July. 

August. 

Total. 

1831. 

45 

132 

82 

259 

1832. 

25 

i:34 

157 

31(j 


5th. Atmospherical Vicissitudes . — The infantile system, exhausted 
and irritated by heat, dentition, and impure air, is extremely susceptible 
to the influence of atmospherical impressions. The cutaneous exhalents, 
debilitated by over-excitement, fall readily into a state of collapse, on the 
sudden application of cold or moisture; especially at night, during the 
inaction of sleep. The suppression of the cutaneous function destroys 
the balance of the circulation, and determines the blood to the internal 
organs. 

6tb. Errors in Diet . — The digestive mucous membrane, from its deli- 
cate, and perhaps imperfect texture, is liable, during the period of den- 
tition, to morbid action. Nature has specially protected it from irritation 
by two expedients : 1st. A secretion of mucus, which lines the internal 
surface of the alimentary canal. 2d. The milk of the mother, the bland- 
est and most digestible nourishment. Premature weaning, by substituting 
an artificial diet for that which Nature has appropriated to the infant, 
produces febrile disturbance and irritation of the digestive mucous surface. 
Hence the diarrhoea of teething children often follows weaning at an im- 
proper age or season. The following valuable remarks, by Dr. Jack- 
son, are worthy of attention. “ Children are benefited by living princi- 
pally on the breast for twelve months ; their vigor is evidently impaired, 
in almost all cases, when they are nursed less than nine months. The 
safest period of the year for weaning, is from the middle of October to 
the middle of March ; provided they be not weaned under ten months, 
after December ; under eleven, after January ; nor under twelve, after 
2 
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February. Children who are weaned at the age of twelve months in 
March, are ordinarily safe ; those who are weaned at this age in April 
are less so, one half of them suffering severely in the subsequent summer 
or autumn. In May the danger increases; and in the four subsequent 
months, if a child of any age be weaned, it will in most cases be very 
sick before the middle of the October ensuing. 77 * In children, who have 
been weaned at the improper age and season, food of difficult digestion 
and overfeeding frequently cause disordered function of the digestive 
organs. 

Pathology . — The pathology of this disease will be inferred from a 
consideration of the symptoms during life, and an examination of the 
lesions of structure, in fatal cases, after death. The following appear- 
ances were observed by Dr. James Jackson and Dr. John C. War- 
ren, of Boston, from examinations made during a period of several 
years. 

“ The body is emaciated ; often very much. In some cases the abdo- 
men is full and tense, and especially about the region of the liver. The 
viscera of the thorax have been found in good order. In the abdomen, 
the liver has sometimes been found very large, so as to occupy two fifths 
of that cavity ; but this viscus has not presented any other marks of dis- 
ease, unless, indeed, it may, in one or two cases, have been rather more 
firm and solid than natural. 7 ’ The gall-bladder, spleen and pancreas, have 9 
not been distinguished by any peculiar appearances. “The peritoneal 
coat of the intestines has, in its greater part, been found healthy ; in 
some cases altogether so ; but in most cases some few spots, or portions 
of it, have been discolored in consequence of a distention of the small 
vessels going to supply the internal membranes or coats. Also in one or 
two cases, an inflamed line has appeared on each of two contiguous folds 
of intestine, just above their line of contact. In every case marks of 
disease have been discovered on the mucous membrane. In the stomach 
there have usually been observed one or two small spots, of an irregular 
shape, in which the mucous membrane was red, inclining a little to a 
purple. The membrane in these places has not been much, if at all, 
swollen. The stomach is commonly lined with an adhesive mucus. In 
the duodenum there have invariably been found one or more spots, much 
larger than in the stomach, in which the mucous membrane has been 
considerably inflamed, and for the most part swollen. In almost every 
case, such an inflamed patch has been found at the very commencement 
of the duodenum. Other inflamed patches, varying in size, and corres- 
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ponding with the discolored portions of the peritoneal coat, have been 
seen in the small intestines in every case.”* 

Dr. Dewees has found, in the small intestines, coagulable lymph spread 
over the surface, or in detached pieces. He notices an alteration of 
structure, from thickening of the coats of the intestine, reducing the 
calibre of the alimentary canal in the parts where it occurs. 

Dr. Horner, + from some careful and accurate post-mortem examina- 
tions, infers that cholera infantum is a follicular, rather than an erythemoid 
inflammation — a disease of the innumerable mucous glands or follicles 
extended from one end to the other of the alimentary canal, rather than 
a common vascular or erythemoid inflammation. In the cases examined 
bj him, the stomach was of a sienna color, and of such consistence as to 
be readily scraped off with the finger nail ; the small and large intestines 
were of the same color, and presented clusters of enlarged and tumid 
muciparous glands or follicles. The follicles were of the size of millet 
seeds, and gave to the mucous membrane the appearance of having been 
sprinkled with fine white sand. By macerating the intestines, and sus- 
pending them in spirits of wine, so as to remove the blood and mucus, 
the anatomical character of the disease was clearly demonstrated to be 
an ulceration and tumefaction of the follicular system of the intestines. 
In one case, by maceration and suspension in a fluid, he discovered seve- 
ral common erythemoid ulcerations of the jejunum, of about two lines in 
• diameter, which were imperceptible during the dissection. 

Cruvelhier has described a disease, resembling, in symptoms, cholera 
infantum, under the title of “ maladie gastro-intestinale des enfans, avec 
desorganizalion gelatriaforme,” characterized by excessive thirst, frequent 
vomiting and purging of mucous and bilious matter, rapid emaciation, and 
at last an inclination to sleep, from which the patient is roused by ab- 
dominal pains, causing plaintive cries, and violent contortions of the 
body. Fatal collapse often ensued, in the course of twenty-four or forty- 
five hours. The chief morbid appearance was a gelatinous softening of 
the stomach, and the small and large intestines. He attributes the patho- 
logical alteration to a gastro-intestinal irritation, the special nature of 
which is unknown. He thus describes the alteration of structure: — 
“ Ce ramollisement procede toujours de l’interieur vers Pexterieur. II 
y a d’abord simple ecartement des fibres, que separe un mucus gelatineux, 
et par consequent les parois de l’organe sont en values, disparaissent enfin, 
de telle sorte que l’estomac ou l’intestin ramallis ressemblent a de la 

* New England Journal of Medicine and Surgery, Vol. I. p. 25. 
f American Journal of the Medical Sciences, No. VI. 
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gelatine transparente, arrondie en tube ou en portion de tube. Si la 
transformation est complete, les parties desorganis£es sont en trainees 
oouche par couche, et ce qui resie parait aminci ; le p^ritoine seul resiste 
quelque temps; mais enfin, envahi lui-meme, il s’use, se dechire, et la 
perforation a lieu. Les parties ainsi iransform^es sont decolor£es, trans- 
parentes, d’apparence inorganique, completement depour vues de vais- 
seaux, exhalant une odeur aigrelette semblable & celle du lait caille, 
sans odeur ni de putrefaction ni de gangrene. Un fait digne d'interet, 
c’est que les parties ramollies se d£composent beaucoup moins prompte- 
ment que les parties non alterees dans leur organization. L’£bullition 
qui convertit en gelatine l’estoraac, et les intestins, donne une id£e par- 
faite de ce genre d’alieration. Je dois noter ici un phenomene bien re- 
marquable ; c’est la coloration noire des vaisseaux qui avoisinent I’altera- 
tion, couleur que je n’ai jamais rencontree ni dans les parties desorgani- 
s£es, ni dans les liquides contenus.” 

The peculiar miasm, which produces cholera infantum, acts upon the 
minute ramifications of the ganglionic nerves, in the lungs, and by means 
of the blood throughout the vascular and capillary systems. This primary 
influence of the miasm on the organic nerves is succeeded by excessive 
secretory irritation of the follicles of the mucous membrane of the ali- 
mentary canal, which constitutes the disease. The minute and accurate 
researches of Dr. Horner evince that this disease extends beyond the 
limits prescribed to it by Dr. Jackson and Dr. Dewees, and that it pre- • 
vails through the whole extent of the gastro-intestinal mucous membrane. 
The constitutional disturbance produced by this disease is readily ex- 
plained by the extent, the relations, and the important functions of the ali- 
mentary mucous membrane. The morbid excitement prevailing through 
this extensive exhaling surface, causes active determination of the blood 
to, and profuse secretion of mucus and serum from, the exhalents and 
follicles. The functions of digestion, the secretion of the liver, and the 
processes of nutrition, are suspended. The evacuations of sero-mucoid 
fluid by vomiting and purging, produce rapid emaciation, drain the vas- 
cular system of the serum of the blood, suspend hsematosis, and prostrate 
the vital forces of organic life. 

The process of dentition, and the intense irritation of the gastro-intes- 
tinal mucous membrane, produce an irritation of the nervous apparatus 
of animal life. Hence arise the spasms, the pains, which in severe cases 
are agonizing, and the convulsions, which precede death so frequently in 
this disease. The contrast between the condition of the system of organic 
life and that of animal life, is beautifully illustrated by Dr. James Jack- 
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son, in his description of the protracted form of the complaint. “ When 
asleep, the patient is impressed with the characters of death — his counte- 
nance deathly, his pulses quick and wiry, his respiration scarcely to be 
heard ; but when lie awakes, his clear eye seems to view the objects 
around him with a peculiar intelligence. With the utmost decision he 
chooses the pleasant, and rejects the offensive things, which are offered 
him. He seems almost to tell you, by his actions, that his stomach is 
faint, and sinking, and distressed ; that the call for something to support 
it is most painfully imperious ; but that the appetite can scarcely find an 
article which does not disgust it. The child is not disposed to make ex- 
ertions ; but when he does, there is often displayed a momentary energy 
of will, altogether disproportioned to the other appearances about him. 
He does not express pleasure ; and at the most, only assents to what 
pleases him; but he frets at what disappoints him, and scolds most 
sharply at what offends him. ,, 

The cerebral irritation is very likely to cause congestion, inflammation, 
and serous effusion. Hence at last the animal powers fail — the patient 
sinking into a somnolent state, from which he is roused, occasionally, by 
excruciating pains in the bowels. 

In regard to the nature of the disease, we believe it to be situated in 
the follicular system of the gastro-intestinal mucous membrane. The 
pathological appearances are various, and the evidence accumulated may 
not seem sufficient to enable us to separate, with exactness, the accidental 
from the constant lesions of structure. If this be the case, post-mortem 
examinations, conducted according to the accurate method of Dr. Horner,* 
cannot fail to establish the true pathology. The following considerations 
render it highly probable that this disease is seated in the follicular sys- 
tem. 1st. Children are liable to have the follicles of the gastro-intestinal 
mucous membrane highly developed, which development renders them 
more susceptible to disease.! 2d. This disease, towards its close, affects * 
not only the follicles of the mouth and fauces, but of the cutaneous sur- 
face. 3d. A disease of the follicles of the gastro-intestinal mucous mem- 
brane, readily accounts for the severity of the constitutional affection, 
from their immense number. 

Treatment . — The indications of cure in this disease, are to allay the 
irritability of the stomach and bowels, to determine to the surface, to 

* We refer to pathological researches, by the aid of minute injections of the diseased membrane. 

f Dx. Hope. 
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guard against local inflammation, to support the strength, and restore a 
healthy tone to the organism. 

1st. The leading feature of this disease is an excessive irritation of 
the follicles of the gastro-intestinal mucous membrane. This irritation 
causes a determination of blood to the digestive mucous membrane, and 
an exhausting secretion of sero-mucoid fluid. To allay the irritation of 
the mucous membrane is, then, an object of the first importance. A few 
leeches are to be applied to the epigastrium. An enema, consisting of a 
solution of common salt in warm water, is to be administered, and re- 
peated pro re nata ; for a child, a year old, a gill of warm water to a 
teaspoonful of salt will be the proper proportion. The injection removes 
whatever faecal matter may have collected in the large intestines, and 
exerts, probably, through the medium of the ganglionic nerves, a salutary 
effect upon the hepatic secretion, and thereby allays the gastric irrita- 
bility. Dr. Dewees has seen this simple remedy frequently relieve the 
patient, almost entirely without the aid of any other remedy. The ap- 
plication of leeches to the epigastrium should be succeeded by the re- 
peated application of warm poultices over the abdomen. If leeches 
cannot be obtained, other measures of revulsion must be adopted. The 
patient may be put into a warm bath, rendered stimulating by adding 
salt ; the surface may be rubbed, immediately on coming out, with some 
stimulating liniment. 


R. Liquoris Ammon. 3j- 
Oiei Olivae 3 ij. 

misce bene et adde 
Spt. Camphors 3 ij. 
Oiei Terebinth. 3 iij. 
Saponis Duri 3v. 
misce ben&. 

Oiei Limonis 3 ij- M. 


R. Tinct. Cantharid. 3 iij. 
Oiei Terebinth. 3j- 
Ammonire Liq. 3iss. 
Saponis Duri 3j. 

Oiei Limonis 3j. 

M. ft. Linimentum. 


The warm bath and the stimulating frictions should be used daily 
during the continuance of the disease, and may be repeated according to 
the severity of the gastro-intestinal irritation. Blisters, applied over the 
epigastrium, are a valuable means of counter-irritation. From their occa- 
sional severe local effects in infants, they should be applied for two 
or three hours only at a time, and be followed by the repeated applica- 
tion of emollient poultices. 

The vomiting is so severe, in this disease, as often to require the ap- 
plication of particular remedies to allay it. Dr. Dewees recommends, 
for this purpose, a teaspoonful of strong coffee, without sugar or milk, to 
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be given every fifteen minutes. Equal proportions of milk and lime 
water, toast water, and small pieces of ice (given frequently to children 
of sufficient age), may be tried. Hops, the green leaves of the garden- 
mint, or green peach tree leaves, steeped in hot water or vinegar and 
water, and applied warm, and nearly dry, over the stomach and breast, 
will be useful. These remedies, with iced and demulcent drinks, and a 
few doses of hydrarg. cum creta, with magnesia or soda, will in many 
cases effectually allay the gastro-inteslinal irritation. If the severe vom- 
iting and purging continue, and an exhausting secretion from the gastro- 
intestinal mucous membrane, minute doses of sub mur. hydrarg. and ipe- 
cacuanha may be administered. 

R. Sub Mur. Hyd. grs. iij. 

Pulv. Ipecacuanhae grs. iij. 

Sacch. Alb. grs. xij. 

Ft. Pulveres xij. 

One of these powders may be given every half hour or hour, till the 
stools evince a decided restoration of the hepatic secretion. The mode 
of the operation of calomel, in minute doses, is not to be illustrated by 
the principle of direct revulsion ; for it not only changes the morbid action 
of the follicles, but it excites to a healthy action the hepatic and cutane- 
ous secretions. 

In addition to this plan, it is important to administer remedies calcu- 
lated to give the patient rest during the night, otherwise the pain and 
frequent evacuations may produce a fatal exhaustion of the vital forces. 
To effect this purpose, it will be proper to place the patient, for eight or 
ten minutes, in a bath of a temperature from 90 to 95 degrees Fahren- 
heit ; the skin should then be wiped dry, and friction employed to excite 
the surface. A little paregoric and wine of ipecacuanha may some- 
times be given previously to the use of the warm bath. The effects of 
opiates should, however, be carefully watched, especially their influence 
on the brain. If they have an injurious influence it will be readily seen 
on the following morning, in the heavy appearance of the eyes and 
countenance, in the dryness of the tongue, and the enfeebled state of the 
stomach. 

Another indication is to guard against the occurrence of local inflam- 
mation. 

Cerebral inflammation is a frequent complication of this disease. To 
prevent such an occurrence, blisters may be applied to the mastoid 
apophyses. Dr. Eberle always applies blisters behind the ears, from the 
commencement of the disease. Dr. Parrish says, “ in severe cases, 
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much good may be expected from the application of blisters behind the 
ears. 1 was led to this practice, by observing that the eruption, which, 
during dentition, is apt to make its appearance behind the ears, often 
proves a most salutary effort of Nature ; and that while it continues, the 
infant generally enjoys an exemption from those dangerous disorders inci- 
dent to this critical period of life. To imitate nature as closely as pos- 
sible, the discharge from the blistered surface should be maintained for 
some time by stimulating dressings. 1 have witnessed the most bene- 
ficial effects from this practice, and can strongly recommend it to the 
attention of the profession.” If cerebral irritation be increased by in- 
flamed or swollen gums, they should be freely divided. If the hepatic 
secretion be suspended, minute doses of calomel and ipecacuanha should 
be given. If the intestinal irritation appear to aggravate the cerebral 
affection, after a few leeches have been applied to the temples, small 
doses of Dover’s pulv. hydrarg. cum creta, and pulv. antimonialis, may 
be administered in mucilage of gum arabic. 

Acute Enteritis sometimes supervenes in this disease. When the 
discharges become bloody, or consist of a muco-sanguinolent fluid, and 
tenesmus occurs, with other dysenteric symptoms, mucilaginous enemata, 
with a few drops of laudanum, may be administered. If the tongue be 
red, dry, and parched, and tenderness exist on pressure on the abdomen, 
two or three leeches should be applied along the course of the colon, 
and afterwards a large emollient poultice over the abdomen. Dover’s 
pulv. and hyd. cum creta may then be given, as — 

R. Pulv. Dover, iij. grs. 

Hyd. c. Cret. Bj. 

Pulv. Gum Arab. B ij. 

Ft. x. Pulv. 

One powder may be given every two or three hours, till the symp- 
toms abate. Gum arabic water is to be freely given in the mean time. 
If the sanguineous discharges be profuse, a continuation of opium, ipe- 
cacuanha and acet. plumbi will be useful. When the disease affects 
more particularly the small intestines, as indicated by vomiting, thirst, 
a red tongue, diarrhoea, tympanitis and tenderness on pressure, leeches, 
or a blister to the epigastrium, to be followed by the application of a 
large emollient poultice, Dover’s pulv. and hydrarg. cum creta, and iced 
demulcent drinks, will be our chief dependence. Spirits of turpentine 
has been recommended by different authors as a specific for tympanitis ; 
but clinical experiments have proved this article to be injurious in tym- 
panitis occurring in the early stage of enteritis. In such case9, the sob- 
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sidence of the tympanitis from the use of the turpentine is only tempo- 
rary. It returns, afterwards, in a more aggravated form. 

Cholera infantum frequently terminates in chronic diarrhoea. The 
stomach is very much enfeebled; and incapable of performing its func- 
tions. Its irritability increases with its debility, and it rejects, almost 
immediately, whatever nourishment may be taken. The skin is dry and 
withered, the patient restless and irritable. The stools vary in appear- 
ance, according to the existence of acidity, the state of the hepatic secre- 
tion, and the degree of inflammation. If the evacuations be sour, green- 
ish, watery and frothy, alkaline and cretaceous preparations should be 
employed, as — 

R. Creta ppt. 3iij. or Carb. Sodae 3jss. 

Tinct. Thebaic, gtt. xx. — xxx. 

Ol. Cinnam. gt. j. 

Sacch. Alb. 3 ij- 

Aq. Font. 3iij. 

M. ft. Julap. (Dewees.) 
s. tea-spoonful every two, three, or four hours. 

Dr. Kuhn, of Philadelphia, was in the habit of giving a tea-spoonful 
of the following mixture every two hours, to correct acidity. 

R. Magnesite calcin. 9iv. 

Pulv. G. Arab. 9j. 

Sacch. Alb. 3 ij. 

Aq. Menth. gss. 

Aq. Fontanae 3ijss. 

M. adde Aq. Ammoniae, pur. gtt. xlviij. to clxiv. according to the 
age of the patient. 

Preparations of rhubarb will also be useful, from their tonic effect on 
the stomach and bowels. A tea-spoonful of spiced or simple syrup of 
rhubarb, combined with a small quantity of laudanum, may be given 
every three hours till it checks the too frequent discharges. To correct 
the functional disorder of the liver, one fourth of a grain of calomel, with 
one half of a grain of Dover’s powder, or one twentieth of a grain of 
opium, may be given every four hours. A few grains of prepared chalk 
may be added to each powder, to correct the acidity of the primae viae. 
To prevent the too sudden suppression of the discharges, the bowels 
must be regulated by an occasional dose of castor oil, with a few drops 
of laudanum. 

3 
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When the tongue is dry and coated, or dry, smooth $nd polished,* the 
discharges black, pitchy, and exhausting, and the skin of a shrivelled ap- 
pearance, Dr. Cartwright advises a little of the ext. of white walnut, one 
fifth of a grain of acet. plumbi, and a very minute portion of opium, given 
every three or four hours. He also uses the croton oil, for the exhaust- 
ing discharges ; one third of a drop, in syrup of roses, may be given to a 
child a year old, when the abdomen is tense, sore and swollen, and the 
pulsation of the carotids is quick and weak. 

When we have evidence of a tendency to structural changes in the 
mucous membrane, the stools being slimy, watery, of a red color, and 
like the washings of flesh, the abdomen tender on pressure, the patient 
drawing up his legs when lying down, the pulse rapid, and the emacia- 
tion general, two or three leeches or a blister may be applied to the 
abdomen. These measures may be followed by the renewed applica- 
tion of large emollient poultices, and the frequent use of small doses of 
calomel and opium, or of hyd. cum creta, and sub carbonate of soda, 
with camphorated tincture of opium, in mucilage of gum arabic. 

If the tongue be loaded and the stools slimy, the balsam of copaiva, 
in doses of five or six drops, or the spirits of turpentine in doses from 
five to twenty drops, with a drop or two of laudanum, may be given, 
with benefit, three or four times a day. 

When the signs of follicular ulceration are decided, and the stools are 
mixed with purulent matter, small doses of the chlorate of lime, or of the 
chloride of soda, may be administered. The nitrate of silver, dissolved 
in gum arabic water, in doses of half a grain, with one or two drops of 
laudanum, the sulphate of iron, and the sulphate of copper, in doses of 
one eighth of a grain, with one twentieth of a grain of opium, are advised 
by Dr. Eberle, three or four times in a day. 

The other indications of this disease are to support the strength, and 
restore the healthy tone of the organism. In the acute stage of this dis- 
ease, the debility of all the important functions, especially the vital func- 
tions of the respiratory and circulating systems, is caused by an excessive 
irritation of the innumerable follicles of the intestinal mucous membrane. 
To remove this prostration, we must not apply to the irritated membrane 
tonics, stimulants, and astringents, but administer remedies calculated to 
soothe irritation, and prevent inflammatory action. By applying stimu- 
lants and counter-irritants to the skin, we shall allay the secretory irrita- 


* When the dischargee are acrid, dark-colored and offensive, Dr. Condie gives from five to ten 
grains of pulverized charcoal, four grains of rhei, and one grain of ipecac., every three or four hoars. 
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tion, and restore the exhausted functions. If the prostration be excessive, 
in the early stages, frictions, with stimulating liniments, as equal parts of 
aq. ammoniae and oil of amber, or fomentations with hot brandy, con- 
taining a few pods of red pepper, and the internal administration of a few 
drops of tincture of cinnamon or a little wine whey, may be resorted to 
with advantage. 

The advanced stages of the complaint are more adapted to the use of 
tonics, stimulants, and astringents. For severe colic pains, from flatulent 
distention of the stomach and bowels, Dr. Eberle uses from ten to flfteen 
drops of the following solution, three or four times daily. 

R. 01. Juniper 3ij. 

Sulph. iEther 3ss. 

Tinct. Opii gtt. lx. 

M. ft. 

When the hepatic secretion has become healthy, astringents and tonics 
will be of service to restore the tone of the intestinal mucous membrane. 
For this purpose we may use a decoction of blackberry root, or of gera- 
nium maculatum, in milk, or of pomegranate bark and flowers ; or an 
infusion of columbo root, or of logwood ; or a combination of chalk mix- 
ture with tinct. of kino, or sulphate of quinine in syrup of roses. Dr. 
Chapman uses the supersaturated sulphate of iron. 

R. Sal Martis gr. ij. 

Acid Sulph. Dil. gtt. x. 

Sacch. Alb. 3j. 

Aq. Font. 3j- 
M. 3j. pro dosi. 

Dr. Eberle has found a mixture of equal parts of lime water and in- 
fusion of Peruvian bark most beneflcial in restoring the tone of the ali- 
mentary canal. He gives a dessert spoonful of this mixture, with four or 
five drops of tinct. of kino, in a solution of gum arabic, four or five times 
daily. During convalescence, the abdomen should be bound in a flannel 
roller. 

The diet must consist almost exclusively of breast milk, in infants un- 
der the age of a twelve month, or who have been recently weaned. 
A healthy wet nurse should always be procured for children who have 
been weaned at an improper age or season. Gum arabic water may be 
given, occasionally, where the child is affected with excessive thirst. In 
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children who have been weaned, or who will not nurse, barley or rice 
water and milk, toast water, gum arabic water, soda water, marshmallow 
tea, infusion of toasted oatmeal, and liquid farinaceous preparations of 
arrow-root, tapioca, sago, rice and boiled flour, will constitute proper arti- 
cles of nourishment. In the protracted form of the disease, beef tea, 
chicken tea, and animal broths, will be of service. Dr. Rush advises a 
more stimulating diet, as salted meats, where the child has an instinctive 
craving for them. A removal from the city to the country, or to the 
sea side, exerts a most salutary effect upon this disease. A change of 
air cannot be too highly appreciated as a means of cure. If the advan- 
tage of a removal from the town to the country cannot be enjoyed, the 
child’s residence may be changed from a low and moist to a high and 
dry situation, and he may be daily exposed to the fresh air, either by 
being carried out by means of attendants, or by frequent rides into the 
country. When the patient has been restored by a removal to the 
country, he should not be returned to the city until the middle of Octo- 
ber, or while the miasm of cholera infantum continues to prevail. 

Prophylaxis . — The prophylactic measures consist in protecting the 
infant from the action of the specific miasm, and in guarding it against 
the effects of the concurrent causes of the disease. 

First, the specific miasm. Dr. Caldwell has suggested, in his disser- 
tation on malaria,* the following preventive measures. 

1. The best and only certain means of protecting infants from cholera 
infantum, is to allow them to pass'their summer in the country. 2. The 
next best plan of security, is to allow the patient to sleep in the country 
every night, during the summer months ; because exposure to the miasm, 
at night, during the inaction of sleep, is more dangerous than exposure 
during the day. 3. Where these measures are not convenient, the child 
should pass his nights and days, when at home, in the upper stories ; be- 
cause the febrile miasm does not rise to the highest stories of lofty city 
dwellings, or, at least, does not reach them in a state of full concentra- 
tion and strength. 4. A few hours exercise daily, in the open air, 
especially in the country, without the limits of the malaria, will contribute 
to maintain the vigor of the system, and to protect it from the disease. 
The coolness of evening, and the extreme heat of noon-time, should, 
however, be avoided. 5. An artificial eruption on the skin, by main- 
taining a centrifugal action, would probably protect the system from the 


* American Journal of Medical Sciences, No. xvi., 1831, p. 330. 
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influence of the miasm. Children affected with prickly heat escape 
cholera infantum, unless from sudden change of the atmosphere, or other 
cause, the eruption disappears. 

Beside these means, the child should be clothed in flannel, and the 
lower extremities kept warm by the use of worsted stockings. The fre- 
quent immersion of the child in cool water, and the use of the tepid 
bath, will promote cleanliness, invigorate the system, and render it less 
susceptible to the action of the miasm. 

It is important that the child be cool and comfortable during sleep. 
The child’s bed should consist of a mattress, or of folded blankets laid 
on the floor, and light covering. The air of his sleeping apartment 
should be rendered cool, and as pure as possible ; the door of the room 
being kept open, and the windows, with the shutters closed, if he sleep 
in the upper stories. 

Dr. Parrish recommends the free use of cool and fresh water, during 
the heat of summer ; and in infants predisposed to the disease, moderate 
quantities of weak infusions of ginger, nutmeg and cinnamon. The tone 
of the stomach, in languid infants, is raised by the moderate use of spices, 
pepper, cloves, and the sucking of small pieces of salt meat, as ham or 
dried beef. 

Dr. Rush advises the use of sound old wine in the summer months. 
“From a tea-spoonful to half a wine-glassful, according to the age of the 
child, may be given every day. It is remarkable that the children of 
persons in easy circumstances, who sip occasionally, with their parents, 
the remains of a glass of wine after dinner, are much less subject to this 
disorder than the children of poor people, who are without the benefit of 
that article of diet.” Dr. Eberle has found the use of small portions of 
porter and water beneficial in feeble and relaxed infants, as a preventive 
to bowel complaints. Farinaceous preparations of arrow-root, sago and 
tapioca, and weak animal broths, form the best nourishment for children 
who have been weaned. The occasional use of a moderate quantity of 
salted meat is advised by Dr. Rush. In children who have not been 
weaned, healthy breast milk must constitute the chief nourishment. 

Other important prophylactic remedies will now be enumerated, as 
necessary to guard the infant against the ill effects of dentition. The 
preventive measures are: — 1st. Exercise in the open air. 2d. Daily 
cold sponging, followed by friction. 3d. Particular attention to produce 
coolness of the head ; washing the head, daily, with cold water. 4th. 
Proper regulation of the diet. The nurse should avoid stimulants in her 
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food and drinks. The child should take the breast often, but not long 
at a time, to prevent overfeeding. 5th. Attention to the state of the 
gums. Painful tension should be relieved by a free incision of the gum 
and capsule ; and if the advancing tooth be double, a crucial incision 
should be preferred. 6th. Gentle laxatives, when plethora exists, or 
where the customary salivation is not present. 7th. Blisters, or the 
occasional application of one or two leeches behind the ears, if there be 
determination of blood to the head. 8th. Avoid premature weaning, is 
within the year, or weaning at an improper season, as between the 
months of May and October. 
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THE STABILITY OF SOLID CALCIUM 
HYPOCHLORITE.* 

BY 

Major H. H. KING, i.m.s., 

Central Research Institute, Kasauli. 

[Received for publication, March 30, 1925.] 

The war brought into prominence the use of hypochlorites as disinfectants, 
first for the sterilization of drinking water, and secondly, either alone or with other 
substances, for surgical purposes. Later years have seen their use extended, so 
that now they hold a position of the greatest importance. The hypochlorites 
mainly used are bleaching powder and substances derived from it. Solutions of 
sodium or calcium hypochlorite chemically or electrolyticly prepared are also used. 
Here, I wish to bring to the notice of the English-speaking world generally, a sub- 
stance, solid calcium hypochlorite, whose advantages, as regards concentration and 
stability, seem to be appreciated at present most in Germany. By calcium hypo- 
chlorite I mean the salt in which both valencies of the divalent calcium atom are 
satisfied by hypochlorite radicles, and which would thus have the formula Ca < oS* 
Now, whatever may be the real constitution of bleaching powder, there is no doubt 
that quantitatively its formula is fairly accurately expressed by Ca(OCl)Cl plus 
a varying amount of lime. Therefore it is obvious that theoretically solid calcium 
hypochlorite can have almost double the available chlorine strength of bleaching 
powder, and more than double, if there be but little free lime present with the 
calcium hypochlorite as compared with the 33 per cent or more present in ‘ bleach. 5 
To turn aside for a moment, I need hardly point out that the available chlorine is not 
necessarily the same as the actual chlorine present. The available chlorine is the 
amount of free chlorine to which a substance is chemically equivalent. Thus one 
atom of chlorine in a hypochlorite radicle is equivalent to two atoms of free chlorine. 
To return to calcium hypochlorite, theoretically it promised so much if only it were 
stable, that it seemed well worth investigation. Thorpe’s Dictionary of Applied 
Chemistry stated that it was manufactured in Germany under certain patents, and 
described it as a crystalline solid that contained 80 to 90 per cent of available 
chlorine, and that it was reputed to be stable. 

’This paper was read at the Indian Science Congress, Benares, January 1925. 

( 191 ) 
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Now it is well known that, for all practical purposes, the disinfectant action 
of hypochlorites is proportionate to their available chlorine strength, so these my 
first experiments, which I shall describe, have been devoted to ascertaining whether 
the promise of high and sustained available chlorine strength is fulfilled in practice. 
I would recommend those who are interested in its direct disinfectant action to 
read a paper by Fischer and Kadisch in the Zeitschrift fur Hygiene, April 1924. 

Tins of the calcium hypochlorite preparation were posted to me from Manches- 
ter at the end of November 1923, and reached me at Kasauli in January 1924. 
Two tins tested in February were found to have the same available chlorine strength 
of 74’ 4 per cent — their original strength must have been higher still — the substance 
is made in Germany. In order to test the effects of (A) ordinary storage in the 
dark, (B) heat, (C) light, (D) vibration, (E) exposure to air, the following experi- 
ments were made. Five small glass stoppered bottles were half filled with calcium 
hypochlorite and the stoppers waxed down. The first was put in a wood box which 
was kept in an ordinary room cupboard. The second was put in an incubator 
(in the dark) at 37°C. (i.e., at 98°F.) for 66 days, after which it was kept in a box 
in a cupboard for 174 days from May to October ; then it was put back in the 
incubator at 37°C. for 67 days, so that it was exposed to a temperature of 37°C. for 
more than 4 months, and to the air temperatures of a hill hot weather and 
monsoon for a little more than 6 months. The third bottle was put on a shelf 
exposed to indirect light. The fourth was pvt in a wood case and shaken by a 
vaccine shaking machine for about six hours a day on 12 days in the first month 
after which it was kept in the cupboard. The fifth was put in a wood case open 
at the top and was left unstoppered on a shelf. At the end of the 10 months the 
final readings for available chlorine strength were as follows: — 


(A) 

Cupboard (in the dark) 

. . $ 67*7 per cent. 

(B) 

Incubator 4 months, cupboard 6 months 

. . 60 

(C) 

Exposed to light 

. . 00-7 „ 

(D) 

Exposed to vibration 

. . 07-7 „ 

(E) 

Exposed to the air . . 

. . 24 


The initial strength was 74*4 per cent, so clearly ordinary storage did not 
seriously affect the chlorine strength nor did light or the small amount of early 
vibration. The only factors that had any force were heat and exposure to the air. 
The latter need not concern us, as it is not legitimate treatment. What, indeed, 
surprised me, seeing the sticky mass that was left, was that the chlorine reading 
was as high as 24 per cent. Though the effect of heat on the half full bottle was to 
reduce the strength from 74*4 per cent to 56 per cent, yet its effect on a full tin, 
treated in exactly the same way, was only to reduce the strength Co 62*3 per cent, 
so that the claim made by its manufacturer that the minimum strength is 60 per 
cent held good for a full tin. Tested after the first 2 months in the incubator, 
the strength of both the tin and the bottle was 67*4 per cent, which is a compara- 
tively high figure. Seeing that it is very unlikely that the conditions of storage, 
so far as the effect of temperature is concerned, in any station in India over 10 
consecutive months would be more severe in total effect than the conditions of the 
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second experiment, we may say that the deterioration there found probably 
represents the maximum deterioration likely to be obtained anywhere in India in 
10 months. In estimating the severity of an incubator temperature we must 
bear in mind its continuous nature as compared with the short duration of the 
higher temperatures reached in many stations in the hot weather. Nowhere in 
India does the monthly mean daily temperature exceed 98°F. My conclusion from 
these first experiments, is that the samples obtained of solid calcium hypochlorite 
were reasonably stable. 

Before going further, it will be interesting to compare with the results already 
recorded, the results of exactly similar tests made on ordinary 4 bleach ’ and a 
4 bleach ’ stabilized by the addition of lime that is stocked by the official medical 


stores. 

A jar of stabilized bleach of unknown age, tested in February 1924, had an 

available chlorine strength of 17*7 per cent. 

Final readings for the same series of five bottles are as follows . 

(A) Cupboard .. •• * l6 ‘l ** cent ’ 

(B) Incubator and cupboard • • 12 ° 

(C) Exposed to light . . • • • • ^ ^ ” 

(D) Exposed to vibration . . • • * * 1 

(E) Exposed to the air . . 

These results correspond more or less closely with the previous ones if we 
calculate the proportion each loss bears to the initial strength, but of course in this 
second case the action has been at a much lower level. The small effect of light 
and vibration, and the great effect of exposure to the air that were noted m the 
first set of experiments, are also to be noted in this second set. The effect of only 
2 months’ incubator temperature was to reduce the strength to 15 2 per cent 

available chlorine. ^ , , . , 

A bottle of ordinary bleach at the beginning of the 10 months experiment 

had a strength of 19 per cent of available chlorine. Two bottles put up for experi- 
ments A and B gave the following results 

(A) Cupboard 10 months • • • • ' ?? ^ cen *' 

(B) Incubator 2 months • • * ’ ” 

(C) Incubator 4 months, cupboard 6 months . . 007 ” 

The instability of ordinary bleach is well shown by these results, particularly 
the last, with its reading of practically zero per cent. By comparison, both calcium 
hypochlorite and stabilized bleach seem very stable substances. I think that there 
can be very little doubt that the chief reason for the superior stability of these two 
substances is their dryness. The samples of calcium hypochlorite obtained were 
in the form of a very dry powder. A thorough in vacuo drying is probably essential 
for its stability. I would also draw attention to the nature of its containers, first, 
the tins are airtight through the use of a washer round the lids, and secondly, the 
tins are fainted with some bituminous paint, thus preventing the deleterious cata- 

lytic action of rust. . . 

Apart from its high content of available chlorine, this preparation o ca cium 

hypochlorite has a distinct advantage over bleaching powders in that the proportion 

lo 
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of free lime and extraneous matter is very low so that a solution in water gives 
very little sediment. This property is of particular value in the chlorination of 
drinking water. 

Given the stability and strength that I have shown to exist in the samples 
tested, the advantages of preparations of solid calcium hypochlorite as disinfectants 
are very great. This is particularly the case where transport is a consideration, 
as in armies on campaigns or manoeuvres, in exploring and other expeditions, and 
in travel generally. Indeed, to my mind, solid dry calcium hypochlorite is the 
most important of the disinfectants that an army in the field should carry, 
particularly in frontier and similar campaigns, for not only would it serve for the 11 
sterilization of water, but, it would also serve as a surgical disinfectant, both by 
itself in simple solution and as a source of hypochlorite for the preparation of 
eusol, etc. The fact that on the average it is three times as strong as * bleach * 
would mean that only one- third of the weight of equivalent bleach would need to 
be carried. It would be an advantage for ready use were it available in the form 
of tablets. Another situation where it would be of particular advantage is in 
epidemics of cholera, etc., in districts with bad communications as are common 
in India. 

In ordinary civil life the choice of a hypochlorite disinfectant is governed 
mainly by the cost. Into this I will not go, as the problem varies with every different 
locality, except to say that, where electric power is available in India, electrolytic 
hypochlorite will probably always be the cheapest. My intention here has been 
to show that dry solid calcium hypochlorite is a stable product, and that it has 
great advantages as a disinfectant, where portability is a factor of importance. 

Finally, there is another use of it to which I may draw attention, namely, its 
use as a chemical reagent. It is a powerful oxidizing and chlorinating agent and 
may serve to facilitate certain reactions such as the production of chloramines. 

I must warn users of it that there is the danger of an explosion if it be rubbed up 
with organic or other easily oxidized (or easily chlorinated) substances. 

There is nothing particular to mention about the technique of the tests for 
available chlorine, which were done in the ordinary way by titration with deci- 
normal sodium thiosulphate after the addition of potassium iodide and acetic acid to 
measured volumes of a known dilution of the bleach. The sodium thiosulphate 
solution was standardized against a solution of arsenious oxide in sodium carbonate, 
each being titrated against the same iodine solution. I found it advisable in setting 
up standards to begin with iodine, which was purified by precipitation and 
sublimation, and not to begin with arsenic, with which an insoluble residue was 
repeatedly obtained. Since the iodine solution did not keep well, the arsenic was 
kept as the permanent standard. In the course of some previous work I happened 
to observe that the blue * iodide 9 of starch disappears when excess of starch is 
added — indeed the delicacy of the starch test is spoilt if an excess of starch be 
present. I do not know whether this observation has been made before — I can find 
no record of it. 
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A COMPARATIVE STUDY OF THE BIRTH MORTALITY 
IN THE ALBINO RAT AND IN MAN 

HELEN DEAN KING 
The Wistar Institute of Anatomy and Biology 

Literature dealing with birth statistics for man contains numer- 
ous references both to the number and to the sex of the stillborn; 
but in none of this literature, nor in any of the many works cov- 
ering various phases of animal breeding, is there any detailed 
information regarding birth mortality in other mammals. It has 
seemed worth while, therefore, to record the data for stillbirths 
in the albino rat that have been collected in the course of an 
extensive series of breeding experiments carried on in the animal 
colony of The Wistar Institute of Anatomy and Biology. Life 
processes in the rat accord in many ways with those for man, as 
Donaldson (’06, '08, ’18) has pointed out, and the data given in 
the present paper indicate that there is also a close agreement in 
their normal sex ratio, in their birth mortality, and in the sex 
proportions of the stillborn. 

The collection of data regarding the birth mortality in the 
albino rat was begun June 1, 1913, and carried on uninterruptedly 
for four years; it was resumed the beginning of June, 1918, and 
discontinued June 1, 1919. In any investigation of this charac- 
ter it is essential that all of the individuals in a given litter should 
be recorded, if the 'data are to have much statistical value. This 
necessitates, in the case of the rat, an examination of the litters 
at birth, or shortly after, since stillborn young left for a longer 
tilne in the nest are sometimes destroyed. While it is known 
that the data for the great majority of litters included in this 
study are complete, there is a probability that some of the still- 
born young were omitted from the records, since all litters could 
not be examined at or close to the time of birth. The magni- 
tude of the probable error is not great enough, however, to affect 
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the general conclusions that have been drawn, though more exact 
data might change somewhat the various percentages given. 

Normally, young rats begin suckling soon after their birth, 
and as at this time and for some days afterward the skin over the 
abdomen is semi-transparent, any milk in the intestinal tract is 
readily seen and is a sure indication that the individual was 
alive when bom. There is, therefore, no difficulty in distinguish- 
ing the stillborn individuals from those that died later, even 
though the litter is not examined until a day or two after it is 
cast. Throughout this paper the word ‘stillborn’ is applied only 
to young rats that lived through the normal gestation period 
(twenty-one to twenty-three days) and died shortly before or 
during birth, and the mortality data given are for such individuals 
only. Only a very few cases of abortion have been found in the 
course of breeding experiments with the rat extending over a 
period of eleven years and comprising many thousands of indi- 
viduals; none of these are included in the present study. 

THE NORMAL PERCENTAGE OF STILLBIRTHS 

During the period in which the birth mortality statistics for 
the albino rat were being collected, a total of 253 litters were 
found in which one or more individuals were stillborn. Data for 
these litters, arranged according to the year in which the records 
were taken, are given in table 1. 

The data given in table 1 show that there was considerable 
variation in the number of stillbirths occurring in different years. 
Such variation was to be expected, since the total litter production 
in the colony varied greatly from year to year (table 2). The 
percentage of stillbirths in the total number of individuals in- 
volved, however, is remarkably constant for all sets of data, as 
the range of variation is from 20 to 26.2 per cent only (table 1). 
Since in each year that records were taken at least one-fifth of 
the young in a considerable number of litters were dead at 
birth, it is evident that the mortality was not due to chance, but 
to some disturbance in the metabolism of the mother that tended 
to involve the litter as a whole. 
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In order to show the normal percentage of stillbirths in the 
entire colony, data for the total litter production during the period 
that the mortality records were taken are given in table 2. 


TABLE 1 

Data for living and for stillborn young in 25 8 litters of albino rats . Groups 
arranged according to the year in which the records were taken 


YEAR 

NUMBER 

OF 

LITTERS 

TOTAL 

NUMBER 

OF 

YOUNG 

LIVING YOUNG 

STILLBORN YOUNG 

Males 

Females 

Number 
of males 
to 100 
females. 

Males 

Females 

Number 
of males 
to 100 
females 

Per cent 
stillborn 
in total 
number 
of young 

1913-1914 

29 

225 

81 

99 

81.8 

25 

20 

125.0 

20.0 

1914-1915 

78 

570 

222 

225 

98.7 

70 

53 

132.1 

21.6 

1915-1916 

35 

289 

121 

104 

116.3 

36 

28 

128.6 

22.1 

1916-1917 

51 

339 

135 

115 

117.4 

48 

41 

117.1 

26.2 

1918-1919 

60 

394 

152 

148 

102.8 

55 

39 

141 .0 

23.8 


253 

1,817 

711 

691 

102.9 

234 

181 

129.3 

22.8 


TABLE 2 


Showing the toted number of individuals , including the stillborn , that were produced 
in a colony of albino rats during a period of five years 


YEAR 

TOTAL 

NUMBER 

OF 

LITTERS 

TOTAL 
NUMBER 
OF INM- 
VIDUALS 

MALES 

FEMALES 

NUMBER 
OF MALES 

TO 100 

FEMALES 

NUMBER 

OF 

STILLBORN 

PER CENT 
STILLBORN 

1913-1914 

899 

6,677 

3,379 

3,298 

102.5 

45 

0.67 

1914-1915 

945 ' 

7,065 

3,690 

3,375 

109.3 

123 

1.74 

1915-1916 

828 

6,443 

3,273 

3,170 

103.2 

64 

0.99 

1916-1917 

1,023 

7,131 

3,597 

3,534 

101.8 

89 

1.25 

1918-1919 

625 

4,354 

2,217 

2,137 

103.7 

94 

2.16 


4,320 

31 ,670 

16,156 

15,514 

104.1 

415 

1 31 


As table 2 shows, from 600 to 1000 litters of albino rats were 
bom each year during the period covered by the investigation. 
The percentage of stillbirths in the total litter production varied 
considerably in different years, and for the 31,670 births was 
1.31 per cent. Assuming, for reasons to be given later, that at 
most only 8 per cent of the stillbirths that occurred were not 
recorded, it would appear that the normal birth mortality in the 
colony, under existing conditions of environment and of nutri- 
tion, was not greater than 2 per cent. 
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During the past seventy-five years an extensive literature has 
appeared dealing with the birth statistics for man in various 
countries of the world. From the data given in this literature, 
Nichols (’07) has compiled a table showing the living and the 
stillbirths throughout the world during the period from 1751 to 
1903. In the enormous total of 447,019,579 births recorded, 
13,635,986, or 3.04 per cent, were stillbirths. From a statistical 
standpoint the various sets of data used by Nichols are not of 
uniform value, since the laws regarding the registration of births 
vary greatly not only in different countries, but in different sec- 
tions of the same country (as in the United States), and therefore 
many of the records are known to be incomplete. The records 
of stillbirths, especially, are very faulty, partly because in many 
countries their registration is not required and partly because the 
data obtained include fetuses aborted at various stages of gesta- 
tion. With reference to human births, it may be noted, the word 
‘stillborn’ is used to designate fetuses that are at least seven 
months of age when bom; fetuses aborted at earlier stage of 
development are not ordinarily included in birth statistics. 

More recent series of statistics show a birth mortality for man 
varying but slightly from that given by Nichols. Thus Auer- 
bach (T2) states that in over 100,000 births as registered in 
Budapest, 3.3 per cent were stillbirths, and Terry (’17) has shown 
that in a total of 449,744 births recorded in Massachusetts during 
1910 to 1914 there were 15,911, or 3.2 per cent, of stillbirths. 

In certain countries in which the laws regarding the registra- 
tion of births are relatively strict, the percentage of stillbirths is 
somewhat higher than that given by Nichols. For example, sta- 
tistics for Prussia during the period from 1872 to 1881 show, ac- 
cording to Diising (’84), that the stillbirths formed 4.67 per cent 
of the total of 10,577,478 births; birth statistics for the United 
States during 1918 show 3.56 per cent of stillbirths in a total of 
1,412,283 births (Davis, ’20). 

The data for human births in one year in selected cities of the 
United States, as collected by The Children’s Bureau of the U. S. 
Department of Labor, form a unique and valuable series (Duke, 
’15; Duncan and Duke, ’17 ; Allen, ’19; Dempsey, T9). Although 
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the number of births recorded is very small when contrasted with 
the large numbers given above, the great care taken to make 
these records as complete as possible gives to the data great 
statistical value. 

Birth statistics for four selected cities, as collected by The 
Children’s Bureau, are given in table 3. 

TABLE S 


Summary of human births in one year based on data collected by the U. S.Childre?i’s 
Bureau in selected cities of the United States. 1 , Brockton , Mass.; 2, Johns- 
town, Pa.; S, Manchester, N. H .; 4, Saginaw, Mich. 1 



TOTAL 

NUMBER 

OF 

BIRTHS 

NUMBER 
OF KALES 

TO 100 

FEMALES 

LIVING YOUNG 

STILLBORN YOUNG 


Num- 
ber of 
indi- 
viduals 


9 

Number 
of males 
to 100 
females 

Num- 
ber of 
indi- 
viduals 

c? 

9 

Number 
of males 
to 100 
females 

Per cent 
stillborn 
in total 
number of 
young 

1 

1,247 

105.77 

1,210 

623 

587 

106.13 

37 

18 

19 

94.73 

2.96 

2 

1,551 

110.16 

1,463 

761 

702 

108.40 

88 

52 

36 

144.44 

5.67 

3 

1,643 

101.10 

1,564 

781 

783 

99.74 

79 

45 

34 

132.35 

4.80 

4 

1,015 

107.99 

981 

507 

474 

106 92 

34 

20 

14 

142.85 

3.34 


5,456 

105.96 

5,218 

2,672 

2,546 

104.94 

238 

135 

103 

131.06 

4.36 


1 Statistics of births during one year in a fifth city, Waterbury, Conn., have 
also been published by the Children’s Bureau (Hunter, ’18). The data given 
show a total of 2,654 births of which 3.2 per cent were stillbirths. Since sex data 
are given for only 53 of the 86 stillborn young, this series of data is excluded from 
table 3. 

As shown in table 3, the percentage of stillbirths in the various 
cities concerned varied from 2.96 (Brocton) to 5.67 (Johnstown), 
and in the total of 5,456 births recorded there were 238, or 4.36 
per cent, of stillbirths. In this series, therefore, the birth mor- 
tality is considerably higher than that in any series of data previ- 
ously cited, yet in each of the papers in which the birth statistics 
are given it is stated that the number of stillbirths recorded is 
probably too low, owing to the great difficulty experienced in 
obtaining accurate information regarding such births. It has 
been estimated' that at least 5 per cent of stillbirths are never 
recorded, even in localities in which the laws regarding their 
registration are most rigidly enforced. 
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Although the birth mortality in domestic animals would seem 
to be a matter of considerable importance to the stock breeder, 
there are only a few scattered references to it in works dealing 
with various phases of stock breeding, and practically no data 
having statistical value are available for analysis. According 
to Bernoulli (’41), records for Europe covering a period of ten 
years show that from 10 to 15 per cent of calves were dead at 
birth. As, however, a very great proportion of these deaths 
were undoubtedly abortions due to infectious disease, the normal 
birth mortality among full-term fetuses is yet to be determined. 

Fairly complete records regarding living foals have been kept 
in various studs throughout Europe for many years - , but data for 
the stillborn are very meager. Records compiled by Hoffman 
(’85) show that in a total of 1,556 foals, 87, or 5.6 per cent, were 
stillborn: Goehlert (’84), quoting Baumeister, states that on the 
average 6 per cent of all foals are bom dead: 4 per cent of these 
are cases of abortion and 2 per cent are of foals at the end of term. 
In neither of these papers are any data given that show the sex 
proportions among the stillborn young. 

Available evidence thus seems to indicate that in the higher 
mammals from 2 to 4 per cent of full-term fetuses are dead at 
birth, and it is probable that at least half of this mortality is due 
either to disease or to mechanical injury at birth. 

THE SEX RATIO IN STILLBORN YOUNG 

It is a matter of considerable interest whether the sex ratio, 
i.e., the number of males to each 100 females, in the stillborn is 
the same as that in the living young. For if there is a pronounced 
and constant difference between these two ratios, there must be 
some disparity between the sexes that is an important factor iD 
the birth mortality. 

In order to make possible a comparison between the sex ratio 
for the living and that for the stillborn young of the albino rat, 
it is necessary to ascertain the sex ratio that is normal for the 
species. Cu6not (’99) gives 105.6 males to 100 females as the 
sex ratio in thirty litters of albino rats; records for over 1000 litters 
of stock Albinos, as collected by King and Stotsenburg (’15), 
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show a sex ratio of 107.5 males to 100 females; while the data as 
given in table 2 of the present paper indicate a sex ratio of 104.1 
males to 100 females in a total of 31,670 births. 

The normal sex ratio for any species can be obtained only by 
ascertaining the sex proportions among all of the offspring of a 
considerable number of females kept under favorable conditions 
of environment and of nutrition during the entire period of their 
reproductive activity. None of the sex ratios for the albino 
rat as given above can, therefore, properly be taken as the norm, 
since none of them are based on completes series of data. Records 
covering the complete breeding history of a number of stock 
albino females have recently been obtained, however, and they 
show that the sex ratio in the newborn, including those dead at 
birth, is about 107 males to 100 females. This ratio, therefore, 
is the one that will be taken as the norm for comparison with the 
sex ratio in the stillborn. 

On referring to table 1 it is found that in each year that mor- 
tality data for the albino rat were recorded there was a very 
great excess of males among the stillborn. While the number of 
stillbirths in any year was relatively small, the fact that in each 
set of records the sex ratio varies from the norm in the same 
direction and to a very considerable degree adds materially to 
the value of the data. In the total of 415 stillbirths recorded 
the sex ratio was 129.3 males to 100 females. This ratio is 26 
points above that for the living young in the litters concerned, 
and as it is 22 points higher than the sex ratio taken as the norm 
(107 males to 100 females) the deviation is much too great to 
be considered as within the limits of normal variation. Granting 
that the records for stillbirths are incomplete, there is no reason 
to suppose that the sex ratio in the unrecorded stillborn would 
differ materially from that for the recorded stillborn as given in 
table 1. The evidence at hand, therefore, indicates that in the 
rat the mortality at birth is far greater among the male than 
among the female young. 

According to Rauber (’00), as early as the year 1660 Graunt 
showed that more boys than girls were bom in the city of London, 
and this finding has been confirmed by practically every collector 
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of human birth statistics since that time. Nichols’ very compre- 
hensive table of birth statistics, to which reference has already 
been made, shows a sex ratio of 105.5 males to 100 females in 
over four hundred million living births. More recent data give 
practically this same ratio: thus data for 171,297 living births 
of white and colored children in Cuba during the period from 
1904 to 1906, as given by Heape (’09), show a ratio of 105.46 
males to 100 females; while among the 465,655 births in Massa- 
chusetts from 1910 to 1914 the sex ratio is 105.41 males to 100 
females (Terry, ’17). Statistical evidence from many different 
sources thus seems to warrant the conclusion that in all civilized 
countries of the world there is an excess of males among the living 
young; the ratio which may be considered as the norm being 
about 105.5 males to 100 females. This ratio, as several investi- 
gators have pointed out, is remarkably constant and is main- 
tained “through periods of war and of peace, of famine and of 
plenty, and under a great variety of racial and of- climatic condi- 
tions; the variations, as a rule, being not greater than one per 
cent” (Pike, ’07). 

Available statistics for the sex of stillborn children are admit- 
tedly very incomplete, yet millions of such births have been 
recorded and they invariably show a fairly uniform sex ratio 
that differs in a marked degree from the sex ratio which is the 
norm for the living young. A few series of investigations may be 
cited to indicate the trend of such statistics in general. In the 
13,635,986 stillbirths compiled by Nichols there were 131.6 
males to each 100 females, the range of variation in the number 
of males being from 130 to 140 in the great majority of cases. 
In the records for stillbirths in various countries of Europe, as 
tabulated by Lewis and Lewis (’06), the number of males to 100 
females varies from 120 to 170, with the average around 130; 
Heape’s (’09) data for Cuban births shows a sex ratio of 144.45 
males to 100 females among the stillborn, while Hirsch (’13) gives 
127.9 as the number of males to 100 females in the stillborn 
young recorded in Germany during 1908 to 1909; and, finally, the 
birth statistics of the United States for the year 1918 indicate a 
sex ratio of 137.1 males to 100 females among the stillborn (Davis, 
’ 20 ). 
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AH of the various series of records given above show that the 
sex ratio in the stillborn is much higher than that in the living 
young, and sex statistics for aborted fetuses indicate that the 
excess of boys becomes greater the earlier the month of preg- 
nancy in which the fetus dies (Rauber, ’00; Nichols, ’07; Auer- 
bach, '12; Carvallo, ’12). This latter fact is of great importance, 
since it indicates that one, at least, of the chief causes for the ex- 
cessive mortality among males at birth must be sought in condi- 
tions that exist in early rather than in late stages of gestation. 

In 1841 Bernoulli called attention to the fact that the sex ratio 
at birth is not the ratio in which the young are conceived, and he 
concluded that the true sex ratio for man is about 108.2 males to 
100 females. This ratio is practically the same as the ‘primary’ 
sex ratio recently calculated by Jendrassik (’ll) and by Schultz 
(’18). The fact that in man the sexes are very evidently not 
conceived in equal numbers is a decided stumbling-block in the 
way of any theory of sex determination that postulates chance as 
the chief factor in deciding whether a given ovum shall become 
male or female. Morgan (T9) has recently offered the following 
explanation for the constant sex ratio in man: 

Since male babies die oftener than females, the difference has been 
said to be an ‘adaptation,’ with the implication that it calls for no 
further explanation. Several possible solutions suggest themselves. 
The male-producing sperm bearing the sex-chromosome may more 
frequently develop abnormally than the female-producing sperm. 
Again, since the spermatozoa must, by their own activity, travel the 
entire length of the oviduct to reach the egg as it enters the tube, the 
greater size or weight of the female-producing sperm may give a slight 
advantage to the male-producing sperm in the long trip up the tube. 
This would lead to an excess of males. 

Since there is no evidence at present that one kind of spermato- 
zoa is more active or more inclined to be abnormal than the other, 
it must be admitted that the above explanation for the male 
excess in human offspring is not an entirely satisfactory one. 

A comparison of the sex ratios found in the newborn of the rat 
with the corresponding ones for man show that they agree closely 
in all cases. The sex ratio that is normal for the living young at 
birth is practically the same in both species, being about 105.5 
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males to 100 females; in both species, also, the sex ratio in the 
stillborn is much higher than that in the living young, averaging 
about 130 males to 100 females. This striking similarity in the 
sex ratios of two such widely separated mammals as the rat and 
man is a matter of considerable theoretical interest, and it may 
have a practical bearing as well, since through carefully controlled 
experiments on the lower form it may be possible to obtain 
information that will help to check the appalling birth mortality 
among human offspring. 

Although a considerable body of statistics has been collected 
by Dusing (’84) and by Wilckens (’86), among others, regarding 
the normal sex ratio in domestic animals, practically no informa- 
tion is available concerning the sex proportions in the stillborn. 
In fact, the only reference to this subject that I have been able to 
find is in a paper by Goehlert (’82) which deals chiefly with the 
inheritance of coat color in the horse. Goehlert states that in 
135,826 living foals bom in various studs throughout Europe 
the sex ratio was 96.57 males to 100 females. Then follows this 
significant statement: “Derselbe steigert sich bei den todtgebor- 
enen auf 106 bis 107 Hengst gegen 100 Stutenfohlen.” The data 
on which the above statement is based are not given, but if they 
are extensive and accurate enough to have statistical value, they 
indicate that the sex ratio in stillborn foals is some 10 points 
higher than that in living foals. Thus in man, in the rat, and 
in the horse, the only mammals for which data are at present 
available, the birth mortality is apparently far greater among the 
male than among the female young. It is not improbable that 
future investigations will show that this condition is characteristic 
of the Mammalia generally. 

SEASONAL VARIATIONS IN THE PERCENTAGE OF STILLBIRTHS 

It has been claimed by Dusing (’84) that seasonal variations 
in temperature, through their action on nutritive conditions, 
affect not only the sex of developing fetuses, but the percentage 
of stillbirths as well. 

The desirability of recording data for stillborn rats according 
to the month of the year in which birth occurred was not realized 
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when this investigation was begun, consequently only the data 
collected during the last year can be grouped by seasons as shown 
in table 4. 

Stillbirths were recorded in the colony during every month of 
the year, the smallest number (3) being found in May, the largest 
(14) in September. On grouping the data as shown in table 4, 
it is seen that the 94 stillbirths were very evenly distributed 
throughout the different seasons, the variation in number being 
from 21 (spring) to 25 (autumn). The percentage of stillbirths 
in the total litter production, however, shows a wide range of 
variation in different seasons, being nearly twice as great in 

TABLE 4 

Showing the percentage of stillbirths in the albino rat colony from June 1, 1918 , to 
June 1, 1919 . Data arranged according to the season of the year in which 
birth occurred 


SEASON 

TOTAL 
NUMBER Or 
LITTERS 

TOTAL 
NUMBER OF 
TOUNG 

NUMBER 

or 

STILLBIRTHS 

PERCENTAGE 
STILLBIRTHS 
IN TOTAL 
NUMBER Or 
TOUNG 

.Spring (March to May) 

183 

1,349 

24 

1.78 

Summer (June to August) 

166 

1,134 

21 

1.85 

Autumn (September to November). . 

120 

821 

25 

3.04 

Winter (December to February) .... 

156 

1,050 

24 

2.28 


625 

4,354 

94 

2.16 


autumn (3.04) as in summer (1.78). The data given in table 4 
are, of course, too few to have much statistical value, but they 
seem to indicate that the percentage of stillbirths tends to vary 
somewhat with the season, reaching its highest point in the au- 
tumn months. Lacking adequate means of heat regulation, rats 
suffer severely from high temperature, and the young bom late 
in summer and in the autumn are, as a rule, inferior to those 
bom at other seasons as regards their power of growth, resistance 
to disease, fertility, and longevity. It is not surprising, there- 
fore, to find that this lowering of the physical tone of the animals 
at a definite season of the year is followed by an increase in the 
birth mortality. 
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From an analysis of the data for over ten million births occur- 
ring in Prussia from 1872 to 1881, Dtising (’84) concludes that 
“bei den Kindem, welche im Anfang des Jahres erzeugt und im 
Herbst geboren werden, zeigen sich die wenigsten (3.6 per cent), 
dagegen bei denen, welche im Frtihjahr gezeugt und in Winter 
geboren werden, die meisten tot-geburten (4.4 per cent).” Other 
groups of statistics for human births do not support Diising’s 
conclusions, however, Thus, data compiled by Davis (’20) show 
that in the birth registration area of the United States during 
1918 the lowest percentage of stillbirths occurred during the 
summer (3.07 per cent), and the highest in the autumn (3.79 per 
cent) ; while birth statistics for the city of Philadelphia covering 
a period of ten years (Sozinskey, ’85) and also those for Boston 
during 1891 to 1910 (Whipple, T9) indicate no appreciable varia- 
tion in the rate of stillbirths during different seasons of the year. 

From available evidence it would appear that the birth mor- 
tality in man is but little influenced by the season of the year in 
which either conception or birth occurs. Since man has a highly 
developed mechanism for heat regulation, moderate changes of 
temperature have very little effect on body metabolism and 
therefore cannot, under ordinary circumstances, influence the 
nutrition of the fetus, as Dtising claims. 

POSTNATAL MORTALITY 

Since deaths that occur among the young within a few days 
after birth are traceable, in many cases, to prenatal causes that 
are responsible for a certain proportion of stillbirths, a brief 
consideration of postnatal mortality is included in the present 
paper. 

Little exact information is available, as yet, regarding the 
mortality among young rats during the week after birth. The 
number of such deaths in any large colony is considerable, but 
what proportion of them is due to prenatal causes cannot be 
determined, since a great part of such mortality is always due to 
causes that are purely accidental, such as smothering of the young 
by the crowding of adults into the nest when they are cold or 
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frightened and death from exposure or starvation when the young 
leave the nest and are not carried back by the mother. 

Records kept from June 1, 1918, to June 1, 1919, show that 
ninety-eight rats died within three days after birth from causes 
that were undetermined. As during this year 4,250 living young 
were bom in the colony, the postnatal mortality was 2.3 per cent, 
or slightly greater than the birth mortality during the same period 
(table 2), Although the great majority of these deaths were 
undoubtedly accidental, some of them were unquestionably due 
to prenatal causes that so affected the constitutional vigor of 
the individual that death was inevitable. Occasionally litters 
are cast in which one or more of the members are very much 
under normal size. These small individuals are the so-called 
‘runts/ which are frequently found among multiparous mam- 
mals, and since they are usually unable to compete with the 
larger and more vigorous individuals of the litter in their efforts 
to obtain food, they generally die within a few days after birth. 
Under very favorable conditions some of these undersized indi- 
viduals are able to survive and to reach maturity, but they 
never attain the size of the normal members of the litter and they 
are. usually sterile (King, ’16). Since runts are found most fre- 
quently in very large litters cast by young females and in litters 
cast by females that are not in good physical condition, they are 
evidently individuals with relatively low initial vitality that were 
subjected to conditions inimical to growth during the intra- 
uterine period; the weaker among them die soon after birth, 
those that survive are among the physically unfit that generally 
‘drop out’ at a relatively early age. 

Among the 98 young recorded as dying shortly after birth 
there were 42 males and 56 females, or a sex ratio of 75 males to 
100 females as contrasted with a sex ratio of 141 males to 100 
females in the stillborn young found during the same period (table 
1). The marked difference between these two ratios is readily 
explicable. Factors responsible for the great excess of males 
among the stillborn can act only to a very limi ted extent in influ- 
encing the sex ratio in the young that die after birth, and post- 
natal mortality due chiefly to accidental causes might be ex- 
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pected to take a heavier toll from the females, since at birth the 
females are somewhat smaller, as a rule, than the males (Donald- 
son, ’06; Jackson, ’13; King, ’15). 

The question of postnatal mortality among human offspring 
involves so many different factors that an adequate consideration 
of the subject cannot be attempted here. The many investiga- 
tions that have been made show that the mortality is very high 
during the first month after birth, averaging about 5 per cent 
of all young. About one-fourth of these deaths, it has been esti- 
mated, are due to improper care or to disease, the remaining can 
be attributed to premature birth, injuries at birth, or to congenital 
debility (Ashby, ’15; Hunter, ’18; Eastman, ’19; Dempsey, T9). 

Sex statistics for infants dying under one year of age, as col- 
lected by a number of investigators in various countries (Dusing, 
’84; Rauber, ’00; Prinzing, ’06; Nichols, ’07; Dutton, TO; Pinard 
etMagnan, ’13; Kroon, T7; Ashby, ’15; Davis, T8, T9, etc.), all 
show that infant mortality is considerably greater among boys 
than among girls, and that, while it varies considerably in dif- 
ferent localities and under different conditions, on the average 
about 120 boys die to each 100 girls. 

A comparison of the findings for the rat with those for man 
shows that in both forms the postnatal mortality is somewhat 
higher than the birth mortality; in the rat this mortality is 
chiefly due to accidental causes that seemingly tend to kill more 
females than males, while in man infant mortality is traceable in 
many cases to ‘congenital debility’ which is apparently far more 
fatal to males than to females. 

CAUSER OF BIRTH MORTALITY 

Barring accidents, there are six leading causes to one or an- 
other of which practically all stillbirths in mammals can be 
ascribed: 1) malposition of the fetus leading to abnormal devel- 
opment; 2) infectious disease; 3) mechanical obstruction to birth, 
including size of the fetus; 4) physical condition of the mother; 
5) age of the mother; 6) congenital debility. The part played* 
by these various factors in the birth mortality in the rat and in 
man will be discussed briefly in the following sections. 
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a. Malposition of the fetus and disease as causes of birth mortality 

Faulty implantation is responsible for the abnormal develop- 
ment of many ova in the rat (Huber, ’15), but these ova, as a 
rule, die at an early stage and are absorbed in situ. Little is 
known, as yet, regarding the death in utero of older embryos. 
The examination of a number of gravid females indicates that 
this phenomenon is not as common in the rat as it is in many 
other multiparous mammals (Stahl and Henneberg, ’02 ; Hammond, 
’14). So-called ‘monsters,’ which arise through faulty implanta- 
tion and consequent inadequate nutrition of the embryo, com- 
prise about 1 per cent of all human fetuses at birth (Mall, ’08), 
but they are very rare among newborn rats. In the course of an 
examination of over 50,000 young rats I have found but four such 
fetuses, and in all of these the body appeared perfectly normal, 
but the head was hydrocephalic. 

Infectious diseases are responsible for an appalling number of 
deaths among human offspring and among the young of cattle, 
but no cases are known, as yet, in which stillbirths in the rat could 
be ascribed to this cause. Neither the rat scourge, so-called 
‘pneumonia,’ nor other diseases common to the rat are trans- 
mitted to the fetus as far as is known. From the evidence at 
hand, therefore, infectious disease can be eliminated as a cause of 
stillbirth in the rat, though illness of the mother, as will be 
shown later, is a potent factor in birth mortality. 

b. The size of the fetus as a cause of birth mortality 

Since the size of the fetus is an important factor in human birth 
mortality (Diising ’84; Nichols, ’07; Dutton, TO; Hirsch, ’13), it 
is conceivable that this factor may also play a rdle in the birth 
mortality in the rat. The following series of observations was 
made to determine this point. 

Fifty-nine litters of rats, in which one or more members were 
stillborn, were obtained at birth. Each of the young rats was 
taken from the mother as soon as it was cast, the placenta was 
removed, and the body weight taken immediately. Data re- 
garding the age and general physical condition of the mother at 
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the time of parturition were also recorded, since these factors had 
to be taken into account as possible causes of birth mortality. 

The body weight records for the 306 living and for the 137 
stillborn young in these fifty-nine litters are shown in table 5. 
For purposes of later analysis the data are arranged in three 
groups according to the physical condition of the mother at the 
time of parturition. 

TABLE 5 


Sex and body-weight data Jot living and for stillborn young in fifty-nine litters of 
albino rats. Groups arranged according to the physical condition of the mother at 
the time of parturition 






LIVING YOUNG 




STILLBORN YOUNG 


1 

PHYSICAL 
CONDITION OP 
MOTHER 

Num- 
ber of 
indi- 
viduals 

Average 
body 
weight all 
individuals 

Average 
body 
weight 
largest in- 
dividuals 

Number 

of 

individuals 

Average 
body 
weight all 
individuals 

Average 
body 
weight 
largest in- 
dividuals 

Percent* 
age still- 
born in 
total num- 
ber of 

as 

o 


c? 

9 

c? 

9 


9 

<? 

9 


9 


9 

young 

1 

Good 

68 

51 

oma. 

4.57 

gma. 

4.28 

gma. 

4.91 

gma. 

4.52 

; 

21 

21 

gma. 

4.20 

gma. 

3.75 

gma. 

4.50 

gma. 

4.11 

26.1 

2 

Poor 

43 

60 

4.24 

4.17 

4.45 

4.42 

46 

28 

4.15 

4.08 

4.40 

4.31 

41.8 

3 

Good, but fe- 
male young 

43 

41 

4.12 

3.84 

4.53 

4.40 

12 

9 

3.56 

3.80 

3.85 

3.85 

20.0 



154 

152 

4.41 

4.13 

4.66 

4.39 

79 

58 

4. H 

3.81 

4.36 

3.99 

30.9 


In table 5 the final averages, computed from individual not 
from grouped data, confirm the findings of Donaldson (’06), of 
Jackson (’13), and of King (’15), that in the rat the living male is 
heavier at birth than the living female. They show, also, that 
this same relation is found among the stillborn; the difference 
between the body weights of the two sexes averaging about 0.30 
gram in each case. 

In each of the three groups given in table 5, the living young, 
both males and females, have a heavier birth weight than the 
stillborn young, the final averages indicating a difference of 0.30 
gram for each sex. Obviously the body-weight relations between 
the living and the stillborn young would be just the. reverse of 
that shown above if the size of the individual is a deter mining 
cause of birth mortality. When the average body weights for 
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the largest of the living and the largest of the stillborn in each 
group are compared, the result shows conclusively that the size 
of the fetus is not a cause of death at birth, since in all three 
groups the average body weight of the largest living individual of 
both sexes exceeds that of the largest stillborn individual in the 
corresponding group. In this instance, also, the final averages 
show a difference of 0.30 gram in favor of the living young. 

In man multiple births are the exception, not the rule as in 
the rat, so in this respect conditions in these two species are 
radically different. It is not so much the weight of the fetus as 
the size of the head that is responsible for the death of many 
infants, particularly boys. The deaths from this cause and those 
due to other forms of mechanical obstruction to birth comprise 
about 10 per cent of all human stillbirths, according to various 
observers. 

The data given in table 5 show that the stillbirths formed 30.9 
per cent of the total of 443 births in fifty-nine litters of albino rats. 
In collecting these data there was no error, since the litters were 
obtained at the time of birth and all of the young recorded. In 
the total of 253 litters containing stillborn young that were ob- 
tained during a period of five years, the birth mortality among 
1817 individuals, as registered, was 22.8 per cent (table 1). The 
difference between these two sets of data would seem to indicate 
that at most 8 per cent of the stillbirths in the colony were not 
recorded. This error is not sufficiently large to invalidate any 
of the conclusions drawn from the records as they §tand. 

c. The physical condition of the mother as a cause of birth mortality 

It requires but little experience in the handling of albino rats 
to determine from the general appearance of an animal whether 
or not it is in good physical condition. Alert animals of large 
size, having clear eyes and thick, glossy hair, are usually in excel- 
lent condition and free from disease. On the other hand, la- 
bored breathing; rough hair, dark red eyes, sluggish movements, 
and relatively light body weight are all evidences of poor physical 
condition and generally indicate that the animal is in an advanced 
stage of ‘pneumonia.’ 
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Table 6 shows the age, body weight, and general physical con- 
dition of the fifty-nine albino females that gave birth to the 
young whose body-weight data are given in table 5. 

The first group in table 6 comprises twenty females that were 
apparently in good physical condition at the time of parturition, 
as was indicated not only by their general appearance and be- 
havior, but also by the fact that they weighed, on the average, 
over 15 grams more than the ‘standard’ body weight for breeding 
females of the same age (Donaldson, ’15). The average body 
weights of their young at birth exceeded those of the young 
cast by females in poor condition (cf. group 1 and group 2; 
table 5), thus adding more evidence that “rats in good physical 


TABLE « 

Data regarding the age , body weight , and general physical condition of the fifty-nine 
female albino rats that cast the litters recorded in table 5 


GROUP 

GENERAL PHYSICAL 
CONDITION OP FEMALES 

NUMBER 

OF FEMALES 

AVERAGE AGE 
OF FEMALES 

AT 

PARTURITION 

AVERAGE 
BODY WEIGHT 
. OF FEMALES 
AT 

PARTURITION 

STANDARD 
BODY WEIGHT 
FOR AVERAGE 
AGE OF 
FEMALES AT 
PARTURITION 
(DONALDSON, 

’ 15 ) 




days 

gma. 

gma. 

1 

Good 

20 

202 

224.4 

209.1 

2 

Poor 

26 

244 

190.7 * 

220.0 

3 

Good; but female 






very young 

13 

99 

143.7 

146.2 


condition bear young with a birth weight considerably above 
that of the young cast by females in poor condition” (King, ’15). 
Each female in this group gave birth to a litter that contained, 
on the average, two stillborn to six living young (table 5). Since 
these stillbirths cannot be ascribed either to mechanical obstruc- 
tion to birth, to abnormal development, nor to infectious disease, 
it would appear that they must have been caused by some other 
prenatal condition that adversely affected the vitality of the 
young. 

Examining the history of the mothers, as kept on record cards, 
it was found that five of the females in this group were nursing 
young at the time that the litter containing stillborn young was 


Digitized by t^.ooQLe 



BIRTH MORTALITY IN THE RAT AND IN MAN 


339 


cast; eight of the females gave birth to very large litters contain- 
ing ten or more members; three females were over fifteen months 
of age at the time of parturition. No reason can be assigned for 
the presence of stillborn young among the offspring of the re- 
maining four females in this group. It is possible, perhaps, that 
these females were in early stages of ‘pneumonia’ which had not 
as yet altered either their general appearance or their body weight, 
but had already affected their body metabolism in such a way 
as to adversely influence the development of the fetal young. 

The second group in table 6 comprises twenty-six females that 
were obviously in bad physical condition at the time that their 
litters were cast. These females were, on the average, some 30 
grams under the ‘standard’ body weight for breeding females of 
the same age, and the birth weights of their young were very 
low (table 5). It is of interest to note that the percentage of 
stillbirths in the total number of young cast by these females 
was relatively very high (cf. group 1 and group 2; table 5). The 
majority of the females in this group were obviously suffering 
from ‘pneumonia;’ three of them were in- such an advanced stage 
of the disease that they had to be killed as soon as the litter was 
cast. 


d. The age of the mother as a factor in birth mortality 

It has already been shown that litter size in the albino rat is 
influenced to a considerable extent by the age of the mother 
(Slonaker, T2; King, T6 a), and it is possible that the viability 
of the young at birth may also be affected by this same factor. 

As already noted, three of the females in the first group of 
table 6 were over fifteen months of age when casting a litter 
that contained stillborn young. These females appeared to be 
in good physical condition, yet their litters were very small, and 
seven of the eleven young cast were dead at birth. The third 
group of table 6 comprised thirteen females that had an average 
age of only ninety-nine days when casting their first litter. Al- 
though each of these females was seemingly in good health, 
twenty-one in the total of 105 young were stillborn (table 5). 
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Skice none of the females in these two groups showed any evi- 
dence of disease at the time of parturition, it is probable that 
the age of the mother, and not incipient 'pneumonia,’ was the 
chief factor responsible for the high birth mortality in their 
young. The age of eighteen months marks approximately the 
end of the reproductive activity of the albino female, and toward 
its close, as at its beginning, there seems to be a strong tendency 
for the females to cast fewer individuals in a litter and a relatively 
greater proportion of stillborn young. This phase of the subject 
will be discussed later. 

In considering the causes responsible for stillbirths among 
human offspring, the age of the mother is a factor that is usually 
ignored or assigned a very minor r61e. Various series of reliable 
statistics, however, indicate that the birth mortality is relatively 
high in children of very young and of very old mothers, so evi- 
dently the age factor has greater influence in this respect than is 
generally assumed. The trend of statistical evidence on this 
point is shown by the following examples. Whipple’s (T9) 
analysis of the birth statistics for the city of Boston during the 
period from 1891 to 1910 shows that: “The percentage of still- 
births arranged according to the age of the mpther gave the very 
high percentage of 11.1 per cent for mothers under 20 years of 
age, 4 per cent for age group 20-24, 5.1 for 25-29 years, 4.4 for 
30-39 years, and 3.3 for ages over 40.” 

Far more comprehensive data regarding the effect of the age of 
the mother on birth mortality among the young are given by 
Davis (’20) in his study of the births in the registration area of 
the United States during the year 1918. In a total of 1,372,329 
births in which the age of the mother was ascertained, there were 
46,122 stillbirths. The percentage of stillbirths was 3.9 for 
mothers under twenty years of age, 3.2 per cent for mothers from 
twenty to thirty-nine years, and 5.4 per cent for mothers over 
forty. This study indicates that the percentage of stillbirths 
is much higher in children bom to mothers at the be ginning and 
at the end of the reproductive period, and its findings are con- 
firmed by the birth statistics gathered by The Children’s Bureau 
(Duke, ’15; Duncan and Duke, ’17; Allen, ’19; Dempsey, ’19), 
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which have already been given in table 3 of the present paper. 
They are shown again in table 7, arranged according to the age 
of the mother at the time that the birth of her child occurred. 
It will be noted that table 3 gives a total of 5,456 births, while 
table 7 registers only 5,452 births. This discrepancy is due 
to the fact that in four cases the age of the mother was not 
ascertained. 

Nearly 90 per cent of the births registered in table 7 were those 
to women between twenty and thirty-nine years of age, the re- 
maining 10 per cent were evenly divided between women that 
were under twenty and over forty. As this is about the normal 
distribution of births relative to the age of the mothers, a com- 
parison of the percentages of stillbirths as given seems permissible. 


TABLE 7 

Data for human births, collected by the U. S. Children's Bureau {table S), arranged 
according to the age of the mother at the time of parturition 


mother’s age 

IN TEARS 

TOTAL NUMBER 

OF BIBTHS 

LIVING BIRTHS 

STILLBIRTHS 

PER CENT 
STILLBIRTHS IN 
TOTAL NUMBER 
OF BIBTHS 

Under 20 

282 

263 

19 

6.95 

20 to 39 

4,882 

4,683 

199 

4.07 

40 and over 

288 

268 

20 

6.94 


5,452 

5,214 

238 

4.36 


Table 7 shows clearly that in this set of records, as in those 
given by Whipple and by Davis, the percentage of stillbirths is 
correlated with the age of the mother. In table 7 the stillbirths 
formed only 4.07 per cent of all births to women at the zenith of 
the child-bearing period, while they were increased to nearly 7 
per cent in the births to women at the extremes of the reproduc- 
tive period. 

When the data in table 7 are arranged according to the order 
of the birth, as is shown in each of the papers in which the sep- 
arate sets of data are given, it is found that the percentage of 
stillbirths is higher for the first births and for those after the 
sixth than for the intermediate births. A series of birth statistics 
arranged in this manner is, of necessity, an age series, and it is 
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more probable that the observed variations in the percentage of 
stillbirths depend on the age factor rather than on the number of 
the pregnancy. 

It has been claimed that the high birth mortality in children 
of very young mothers is due chiefly to the mother’s ignorance 
of the proper hygienic laws that should be observed by pregnant 
women. This explanation cannot be offered to account for the 
increase in the percentage of stillbirths among the children of 
women over forty, however, since births at this age are rarely 
those of the first pregnancy. It seems probable that both at the 
beginning and at the end of the reproductive period physiological 
conditions incident to age are responsible in great part for the 
high birth mortality among the children bom at this time. 

e. Congenital debility as a cause of birth mortality 

Stillbirths among human offspring not traceable to a well- 
defined cause are generally ascribed to ‘congenital debility,’ this 
term being used to indicate a lack of sufficient vitality in the 
fetus to render postnatal existence possible. Various series of 
investigations show that a very considerable proportion of still- 
births are attributed to this cause. For example, in 201 cases of 
stillbirths at term studied by Brothers (’96), over 50 per cent were 
classed as due to ‘congenital debility,’ while Waldvogel’s (T3) 
studies led to a similar conclusion. 

In the sense in which the term ‘congenital debility’ is used 
above, practically all stillbirths in the rat mi gh t, properly be 
grouped under this heading, since in all cases so far found 
impaired vitality of the fetal young was seemingly the direct cause 
of the birth mortality; the underlying cause is discussed in the 
following section. 


GENERAL DISCUSSION 

This study has shown that in two important respects the sta- 
tistics for the birth mortality in the albino rat accord in a most 
striking manner with those for man: 1) the sex ratio in the living 
young at birth is practically the same in both forms (about 105.5 
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males to 100 females) ; 2) the great excess of males among human 
stillborn finds its parallel in the high sex ratio which charac- 
terizes the stillborn of the rat (129 males to 100 females). In 
one respect only the birth records for these two forms do not 
agree. The normal percentage of stillbirths in human offspring 
(4 to 5 per cent) is at least twice that in the albino rat (table 2). 
This difference, however, is readily explicable. Factors which 
are responsible for about one-half of all human stillbirths, i.e., 
mechanical obstruction to birth, accidents, faulty implantation, 
and infectious disease, ordinarily play little, if any, part in the 
birth mortality in the rat. If stillbirths due to these causes are 
eliminated, the birth mortality among human offspring falls to 
about 2 per cent, which is close to the percentage of stillbirths- 
which is seemingly normal for the albino rat when large numbers 
of breeding animals are kept under fairly uniform conditions of 
environment and of nutrition. The stillbirths in man which 
thus seem comparable to those in the rat, are those that, in gen- 
eral, are attributed to ‘congenital debility,’ this term, as already 
stated, being used to indicate that the fetus possesses such a 
low state of vitality at the end of term that it is incapable of inde- 
pendent existence. From the evidence at hand the great pro- 
portion of stillbirths in the rat can be attributed to the same 
cause. 

The question at once arises as to the cause of this impaired 
vitality in the fetus and whether it is possible to control it so 
that the percentage of stillbirths will be materially decreased. 
If we consider those cases in the albino rat in which the stillborn 
young were obtained at the time of birth and the age and physical 
condition of the mothers noted (tables 5 and 6), it is found that 
the great majority of them occurred in litters of females that were 
suffering from disease, chiefly ‘pneumonia,’ or in those of females 
at the extremes of the reproductive period, while in a few cases 
the litters were very large or were cast by females that were 
suckling young at the time of parturition. Extensive series of 
breeding experiments extending over a period of a dozen years 
and covering the birth of many thousands of rats lead me to 
believe that practically all stillbirths in this animal occur under 
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one or another of these conditions. The one factor which seem- 
ingly might have affected the vitality of the fetal young in all of 
these cases is malnutrition. 

The nutrition of the fetal young is a very complex process, and 
in its broadest sense it includes the absorption and the assimila- 
tion of food by the mother as well as its transmission through 
the placenta to the young. Any factor or physiological condition 
that adversely affects the normal metabolic processes upon which 
any phase of embryonic nutrition depends therefore indirectly 
influences the development of the young and may impair their 
vitality to a greater or less extent. 

Let us consider in some detail the effect of the various factors 
that are apparently responsible for stillbirths in the rat. The 
rat scourge, 'pneumonia,’ is a wasting disease, and as such pro- 
foundly affects all of the normal life processes in an animal 
affected with it. The living young cast by females having this 
disease in an advanced stage are usually very small and emaciated 
at birth, and their vitality is at such a low state that they are 
difficult to rear even when suckled by a vigorous foster-mother. 
There can be no question but that the fetal young suffer through- 
out the entire course of their intra-uterine existence from mal- 
nutrition, since the illness of the mother must interfere with her 
power to ass imil ate food and to transmit it to her offspring. 
With such a handicap to their normal development, it is not sur- 
prising that a large proportion of the young are not able to 
survive at birth. 

The suckling of young, particularly if the litter is above the 
norm (seven) in size, is as a rule a severe strain on the nutritive 
reserve of the mother, as is shown by the fact that she usually 
loses considerable weight during this period unless she is in excel- 
lent health and abundantly supplied with food. Not infre- 
quently a lactating female is also carrying a second litter. If 
one or both of these litters are large, the amount of food that the 
mother can assimilate and supply to her young, in addition to her 
own needs, is inadequate for the proper nutrition of all of the 
individuals concerned. The result is that the suckling young 
usually grow very slowly and show every evidence of being un- 
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derfed, and the gestation period of the fetal young is lengthened 
from one to several days, owing doubtless to the fact that the 
implantation of the fertilized ova is delayed (King, ’13; Kirk- 
ham, ’16). Here again malnutrition is obviously a factor that 
impairs the vitality of the fetal young and tends to increase the 
proportion of stillbirths. A similar explanation can be offered 
for the presence of stillborn young in litters of exceptionally 
large size. In these cases the inadequate nutrition of the young 
is indicated by the fact that all members of the litter are, as a 
rule, of small size and under normal weight at birth. 

The fact that the proportion of stillborn young in litters cast 
by very young and by very old females is markedly greater than 
that in litters cast by females at the height of their reproductive 
activity indicates that the age of the mother is a factor of impor- 
tance in birth mortality. Donaldson (’06) has shown that one 
year of a rat’s life is equivalent to thirty years of human life. 
At the age of eighteen months, therefore, a female rat corresponds 
physiologically to a woman of forty-five years, and it can hardly 
be a coincidence that this age marks approximately the end of 
the reproductive activity in both species. The onset of puberty 
does not, however, correspond as closely in the two forms, since 
rats breed at three months of age. Age has a profound effect on 
all of the normal activities of the body, and it is not surprising, 
therefore, to find that the immaturity of the young mother and 
the physiological changes in the uterus incident to the approach- 
ing menopause seemingly inhibit the metabolic processes con- 
cerned with the nutrition of the fetal young. In such cases the 
young often suffer from impaired nutrition, and consequently 
the birth mortality among them is much greater than that among 
the offspring of females at the height of their reproductive 
activity. 

It has been repeatedly demonstrated that a mature, well- 
developed albino female that is in good physical condition at the 
time of conception, will, if abundantly supplied with proper food 
during the entire gestation period, cast a litter containing only 
living, vigorous young that have relatively heavy birth weights. 
A special experiment recently made to test this point has given 
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rather astonishing results. The young cast by a mature female 
abundantly supplied with rich food during the gestation and 
lactating period were twice the normal weight at birth, and at 
thirty days of age, when weaned, they were over 200 per cent 
above the average weight of rat at this age. At sixty days of 
age the males in this Utter had an average body weight of 260 
grams, which is some 300 per cent above the ‘standard’ weight 
for males of this age. On the other hand, inadequate feeding of 
breeding females invariably leads to the production of small 
Utters containing undersized individuals in which there is a high 
percentage of stiUbirths. This fact was fuUy demonstrated in 
the early stages of an inbreeding experiment with these animals 
which has been carried on for some years in our colony (King, 
’18). Even when the food supply is ample, the present study 
has shown that in lactating females, in those carrying a very large 
Utter, and in those suffering from disease or breeding at one 
extreme of the reproductive period, physiological conditions 
within the body of the mother may adversely influence the vari- 
ous processes upon which the nutrition of the young depends 
and thus lead in many cases to the death of a considerable pro- 
portion of the young at birth. 

Conditions of human existence are so complex and so artificial 
in many cases that one would hardly venture to assert that the 
underlying cause of all cases of ‘congenital debiUty’ was mal- 
nutrition of the fetus due to the age or to some abnormal physical 
condition of the mother, yet the evidence at hand is strongly in 
favor of such a view. Inadequate nutrition of the young is cer- 
tainly a potent factor in the birth mortaUty of the rat, and it 
probably plays an important r61e in the birth mortaUty of other 
mammals, including man. The maintenance of pregnant females 
under environmental and nutritive conditions favorable to the 
health of the mother and to the adequate nourishment of the 
fetal young throughout the entire gestation period, not merely 
near its close, would, therefore, undoubtedly lead to the birth of 
more vigorous young and to a marked decrease in the number 
of abortions and of stillbirths. 
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Whenever large groups of human birth statistics have been 
analyzed it has been found that the mortality among the males is 
very high, the sex ratio for the stillborn being at least 25 points 
higher than that in the living young. This same phenomenon 
appears also when a large series of birth data for the rat are ex- 
amined (table 1), and it likewise is present in statistics for the 
horse, if Goehlert’s (’82) records are reliable. Since the disparity 
between the sex ratios for the stillborn and those for the living 
young in these various groups of statistics is fairly constant and 
much too great to be considered as within the range of normal 
variation in the sex ratio, there must be some fundamental cause, 
founded on a difference in the constitution of the male and female 
organisms, that is responsible for the excessive mortality among 
the males at birth. 

Dlising (’84) discusses this subject at considerable length, and 
he concludes that: “Die Knaben sterben also wahrend Fotalle- 
bens haufiger als die Madchen, weil viele derselben sich unter 
ungiinstigen Emahrungsverhaltnissen ausbilden, wahrend sie, 
da sie durchschnittlich schwerer sind, sogar mehr Nahrung bean- 
spruchen als die leichteren Madchen.” Since from the time that 
the sexes can be distinguished at about the sixth week of preg- 
nancy the excess of males among aborted embryos is greater the 
earlier the age at which abortion occurs (Rauber, ’00; Nichols 
’07; Auerbach, ’12; Carvallo, ’12), inadequate nutrition cannot 
well be considered as the primary cause of the greater mortality 
among male fetuses in general. 

A most suggestive hypothesis that may have a very important 
bearing on this problem has recently been advanced by Lillie 
(T7) in his study of the action of sex hormones in producing the 
‘free-martin’ in cattle: “It seems probable that the disturbance 
of the equilibrium that protects the male from the sex hormones 
of the mother would result in malformations of the male sex 
characters to a degree commensurate with the extent of the dis- 
turbance. There is, therefore, here a possible explanation for 
the greater mortality among male foetuses.” Our knowledge of 
the action of sex hormones is as yet too meager to enable us to 
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advance a definite theory regarding the influence of these factors 
on. fetal mortality. 

Nichols (’07) states that three explanations are open to con- 
sideration to account for the heavy mortality among boys at birth 
“ (a) the initial numerical preponderance of males; (b) the greater 
proportion of deaths of male fetuses occurring during parturition 
owing to their larger size; and (c) the intrinsically much greater 
mortality of males than of females in the earlier period of life, 
both antenatal and postnatal.” Nichols assigns only a minor 
r61e to the first two of the causes enumerated 'above, and he con- 
cludes that: 

Obviously the main cause of the great preponderance of male still- 
births resolves itself into the question of the comparative mortality or 
death rate of the male and female sexes during the intrauterine period 
of existence it is therefore obvious that the male constitu- 

tion is intrinsically weaker, less hardy, and more susceptible to mor- 
bific and mortific influences, and has less vitality and resisting power 
^gainst disease, than the female. The cause of this innate disparity 
of vitality between the two sexes we do not know; but the fact that it 
exists, that the antenatal mortality and death rate of males much 
exceeds that of female fetuses, accounts for the great excess of male 
over female stillbirths. 

In the light of the recent researches in heredity it is conceiv- 
able that the inherent dissimilarity between the sexes as regards 
their constitutional vigor, which has been discussed in detail by 
Geddes and Thomson (’01), may have its basis in the germinal 
structure of the fertilized egg. From the work of Guyer (10) 
and of von Winiwarter (’12) on the spermatogenesis of man, and 
of Allen (T8) on the spermatogenesis of the rat, it is known that 
in both of these mammals the spermatozoa are dimorphic, one 
kind of spermatozoa having one more chromosome than the other; 
both kinds of spermatozoa are produced in equal numbers and 
both kinds, as far as known, are equally functional. The current 
theory of sex determination postulates that the spermatozoa con- 
taining the extra, or X-chromosome, are ‘female-producing’; those 
lacking it are ‘male-producing.’ The fertilized ovum that is to 
develop into a female thus contains two X-chromosomes, while 
that having only the X-chromosome received from the mother 
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develops into a male. May not the difference in the constitu- 
tional vigor of the two sexes depend, in some way, upon the fact 
that the chromatin content of the female ovum is greater than 
than of the male ovum? One might suggest, perhaps, that the 
excess of chromatin brought into the egg by the ‘female-produc- 
ing’ spermatozoan influences the ensuing interaction of the chro- 
matin and the cytoplasm in such a way that the embryo becomes 
endowed with a constitution that is more stable and more vig- 
orous than that of the embryo developing from an egg in which 
the initial amount of chromatin is less. Such an hypothesis is, 
of course, only tentative. Until our knowledge of heredity and 
of the sex-determining mech anism is greatly increased it will be 
futile to theorize as to the probable cause for particular characters 
associated with one sex or the other which seemingly do not depend 
upon the action of specific genes. 

The great excess of males among aborted and stillborn fetuses 
is readily explained if we assume that, from the time of concep- 
tion, the embryo that is to develop into a male has a constitution 
inherently weaker than that of the embryo that is to become a 
female. During the gestation period many factors, such as dis- 
ease, unfavorable environmental conditions, physiological changes, 
incident to age, etc., may lessen the mother’s power of assimilat- 
ing food and of transmitting it to her fetal young. Under these 
conditions, a male fetus possessing a relatively low initial vitality 
would be more severely handicapped by inadequate nutrition or 
by conditions unfavorable to normal development than would a 
female fetus having a greater initial vigor of constitution and 
more power to resist unfavorable environmental conditions. 
One, therefore, would expect to find the facts exactly as shown by 
various series of investigations cited in this paper, namely, that 
at all stages of gestation and at birth the mortality among the 
males is far greater than that among the females. 

SUMMARY 

1. Birth statistics collected during a period of five years show 
that in a total of 31,670 newborn albino rats 415, or 1.3 per cent, 
were stillborn. Allowing for the probable error in recording the 
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data, it would appear that under normal environmental conditions 
not more than 2 per cent of rat fetuses are dead at birth. 

The most accurate statistics available indicate that the normal 
birth mortality in man is about 4 per cent. There are no data of 
value regarding the percentage of stillbirths in other mammals. 

2. The normal sex ratio in newborn albino rats, including the 
stillborn, is about 107 males to 100 females; in man the sex ratio 
for the living young at birth averages about 105.5 males to 100 
females, and if the stillborn are added the sex ratio rises to about 
108 males to 100 females. 

3. In each year that the mortality records for newborn rats 
were taken there was a pronounced excess of males among the 
stillborn, the sex ratio in the total number of such individuals 
being 129.3 males to 100 females (table 1). 

Large series of birth statistics collected in many different coun- 
tries show that the sex ratio among stillborn children is very 
high, averaging about 130 to 140 boys to 100 girls. The excess of 
boys becomes greater the earlier the month of pregnancy in 
which the fetus dies. 

4. In the rat the percentage of stillbirths seems to vary some- 
what with the seasons, being least in the spring and greatest in 
the autumn months when the breeding animals are suffering from 
the devitalizing effects of high temperature during the preceding 
summer (table 4). The birth mortality among human offspring 
does not, apparently, vary to any appreciable extent at different 
periods of the year. 

5. Data collected during one year show that the mortality 
among young rats during the first three days after birth was 2.3 
per cent, or slightly greater than the birth mortality in the col- 
ony during the same period (2.16 per cent); infant iportality in 
man during the first month after birth is about 5 per cent, or 1 
per cent higher than the birth mortality. 

Postnatal mortality in the rat is largely due to accidental 
causes which tend to kill more females than males; in man the 
death of many infants is traceable to prenatal causes which seem- 
ingly are more fatal to boys than to girls. 
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6. Factors responsible for a considerable proportion of the 
stillbirths among human offspring, such as, infectious disease, 
faulty implantation, mechanical obstructions to birth, including 
the size of the fetus, apparently play no part, ordinarily, in the 
birth mortality of the rat. 

7. From the data obtained it appears that malnutrition is 
directly responsible for most of the stillbirths in the rat. Fac- 
tors influencing the food supply of the fetal young, such as the 
physical condition and the age of the mother, the suckling of 
young, and the size of the litter carried, are therefore the chief 
eauses of birth mortality in the rat. 

8. Available evidence indicates that both in the rat and in 
man the male fetus is intrinsically weaker than the female, and 
therefore more susceptible to prenatal influences inimical to 
normal development. A tentative hypothesis is advanced that 
the difference in the constitutional vigor of the sexes has its 
basis in the different chromatin structure of the male and female 
zygote. 
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DIMORPHISM IN THE SPERMATOZOA OF NECTURUS 

MACULOSUS 

HELEN DEAN KING 

From The Wistar Institute of Anatomy and Biology 
six FIGURES 

A study of the mature spermatocytes in the testes of Necturus 
maculosus has shown that these cells contain a peculiar multiple 
chromosome that divides unequally in the first maturation mito- 
sis and thus leads to the formation of two classes of spermatozoa, 
one having more chromatin than the other. As a dimorphism in 
the spermatozoa of amphibians has not heretofore been reported, 
a brief description of the spermatocyte divisions in Necturus is 
given in the present paper: a more detailed account will appear 
when my investigation of the early growth stages of the spermato- 
cytes has been completed. 

In a very early prophase of division the primary spermatocytes 
contain a thick, apparently continuous spireme which is split 
longitudinally throughout its entire length. This spireme breaks 
into twelve segments of different lengths which condense rapidly 
to form the chromosomes for the first maturation spindle. 

Two of the chromatin segments of the prophase are distin- 
guished from the others on account of their greater length. One 
of these segments becomes a very large ring-shaped chromosome 
which is very conspicuous in the metaphase of the first mitosis 
when it is usually twisted in various ways (figs. 2, L; 3, L). In 
mitosis this chromosome divides equally, forming two V-shaped 
chromosomes which move to opposite poles of the spindle. The 
other long segment, as its later history shows, is not a bivalent 
but a multiple chromosome. In the late prophase this segment 
appears as a long, thick rod of nearly uniform diameter with the 
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two ends bent at nearly right angles to the main axis (fig. 1). 
The bent terminal sections are never of equal length, and the 
longer one is the ‘accessory' or the ‘X chromosome’ which became 
attached to one of the large bivalent chromosomes at an early 
period in the growth of the spermatocytes. Not infrequently, 
as shown in figure 1, X, the X chromosomes is detached from the 
main structure and connected with it only by linin. 

The multiple chromosome goes into the first maturation spindle 
in practically the same form in which it appears in the late pro- 
phase, and in the metaphase it assumes such a position on the spin- 
dle that its main axis lies along one of the spindle fibers while the 
two bent terminal portions either project at right angles to the 
spindle (fig. 2) , or they lie across the spindle fibers (fig. 3) . There is 
more or less variation in the size of this chromosome in different 
spindles, due doubtless to fixation and staining, but in nearly all 
cases it extends over considerably more than half of the length of 
the spindle and in some cells it reaches from pole to pole. Some- 
times this structure is of nearly uniform thickness throughout its 
entire length (fig. 3) : more frequently, as shown in figure 2, it has 
slight constrictions that divide it into five parts and thus give it 
the appearance of a pentad structure. In its constricted form 
this chromosome appears remarkably like the multiple chromo- 
some found by McClung (’05) in the spermatocytes of Hespero- 
tettix speciosus and of various other species of orthoptera. 

Whenever the multiple chromosome is shown in its entirety 
the portion of it which forms the X chromosome can readily be 
distinguished. Sometimes the X component seems to be an inte- 
gral part of the multiple chromosome, although it invariably forms 
a sharp angle with the main axis of this structure (fig. 2, X). 
At other times, as shown in figure 3, the X chromosome is a short, 
rod shaped body lying close against one end of a large bivalent 
chromosome, but apparently not connected with it in any way. 

The bent portion of the multiple chromosome at the end oppo- 
site to the X chromosome is usually much shorter than the X com- 
ponent (figs. 2 and 3), and as yet I have not found a single case in 
which this section was not directly continuous with the main axis 
of the multiple chromosome although always forming an angle 
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with it. It seems probable, from the evidence in hand at present, 
that this bent terminal portion is merely the end of one of the 

All figures were drawn with the aid of a camera lucida under a magnification of 
about 1500 diameters: they have been reduced one-half. L, large ring-shaped 
chromosome; S, supernumerary chromosomes; X, X chromosome. 
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Fig. 1 Late prophasc of the first maturation mitosis. 

Figs. 2-4 Metaphases of the first maturation mitosis. 

univalent chromosomes which helped to form the multiple chro- 
mosome during an early period in the development of the sperma- 
tocytes. There is the possibility, however, that this section is 
the small mate of the X chromosome, in which case the spermato- 
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cytes of Necturus contain an unequal pair of heterochromosomes 
instead of an X chromosome. This point cannot be cleared up 
until the early history of the spermatocytes has been studied. 

When the first maturation mitosis occurs the multiple chromo- 
some divides in such a way that one daughter cell gets one uni- 
valent chromosome and the X component (fig. 4) while the rest 
of the complex goes into the other cell. 

The other ten segments of the prophase are considerably shorter 
than the two described above. At least six of these segments 
appear as small rings in the late prophase (fig. 1) and go into the 
spindle in this form. All of the remaining segments condense 
as crosses with one pair of arms considerably longer than the other 
(figs. 1 and 2). The cross-shaped chromosomes undergo consider- 
able modification in form before the maturation division occurs. 
At first the longer axis of each of these chromosomes lies along one 
of the spindle fibers (fig. 2). This axis shortens gradually and its 
chromatin substance goes into the side arms which increase cor- 
respondingly in length. Just before division these chromosomes 
appear either as short, thick rods which lie across the spindle 
fibers, or as small elongated rings in which the central opening is a 
mere slit (fig. 3). In mitosis each of these chromosomes divides 
through its longitudinal axis, forming two small F-shaped chro- 
mosomes of equal size. A similar change in the shape of cross- 
shaped chromosomes preparatory to division has been found in 
the germ-cells of various other species of amphibians (Camoy and 
Lebrun ’99; Lebrun ’01 ; King ’05). 

In connection with the t change in the shape of the cross-shaped 
chromosomes in the spermatocytes of Necturus there sometimes 
occurs a process which, as far as I am aware, has not been observed 
to take place in the germ-cells of other amphibians in which chro- 
mosomes of a similar shape are found. A small mass of chroma- 
tin, at one or at both ends of the arms lying along the spindle fiber, 
becomes so firmly attached to the spindle fiber that it gradually 
becomes separated from the main body as the side arms increase 
in size. For a time such small fragments remain attached to the 
rest of the. chromosome by linin-like strands (fig. 3), but eventu- 
ally they break away from the parent mass and appear on the 
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spindle as small, round supernumerary chromosomes (fig. 4, S ). 
These supernumeraries move with the V-shaped chromosomes to 
the spindle poles, and they can sometimes be distinguished in 
a late anaphase. These small chromatin masses are seemingly 
derived only from the chromosomes that appear on the spindle in 
the form of a cross, and as they move to the same pole of the spin- 
dle as do the univalent chromosomes to which they belong, their 
detachment from the main mass of chromatin does not lead to an 
unequal distribution of chromatin to the spindle poles. Super- 
numerary chromosomes are not found on all spindles and their 
formation is apparently due solely to the fact that at times the 
connection between the ends of the cross-shaped chromosomes and 
the spindle fibers is stronger than the force that is changing the 
shape of the chromosome and causing the chromatin to move into 
the side arms. I have not as yet been able to trace these small 
chromosomes beyond the first maturation spindle. Small super- 
numerary chromosomes have been found in the spermatocytes 
of various species of insects by Stevens (’12 a, '12 b) and by Wil- 
son (’09), but they differ from the supernumerary chromosomes 
of Necturus in that they appear to be derived from the hetero- 
chromosomes and not from the ordinary bivalents. 

The first maturation mitosis in Necturus is probably a segre- 
gation division, and there is seemingly a definite order in which the 
various chromosomes divide. The multiple chromosome divides 
after the division of one or of two of the smallest ring-shaped 
chromosomes (fig. 4); then follows the separation of the univa- 
lents which were united as crosses or as rings of medium size; 
lastly the large ring-shaped chromosome separates into its uni- 
valent components. Since the multiple chromosome divides at 
a very early period it is evident that the order in which the chro- 
mosomes divide is not dependent on the size of the chromosomes 
but on some other factor as yet undetermined. 

There is a resting period of considerable length between the 
two maturation divisions, during which the chromosomes lose 
their visible identity and form a continuous spireme. The chro- 
mosomes that emerge from the spireme to go into the second 
maturation spindle are F-shaped structures that vary consider- 
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ably in size. As a rule two of these chromosomes are consider- 
ably larger than the others. One, with arms of equal length, is 
doubtless the univalent chromosome which with its homologue 
formed the large ring-shaped chromosome of the first maturation 
spindle. The other large F-shaped chromosome has arms that 
are slightly unequal. This is probably the chromosome derived 
from the multiple chromosome of the first spindle. Since the 
chromosomes are very much crowded together in the second spin- 
dle it becomes very difficult to follow the X chromosome. In 
most cases the X chromosome probably remains attached to one 
of the univalent chromosomes and divides longitudinally with it 



Fig. 5 Early anaphase of the second maturation mitosis. 
Fig. 6 Late anaphase of the second maturation mitotis. 


(fig. 6, X). At times, however, the X chromosome apparently 
breaks away from its attachment to the large chromosome and 
divides alone in the secoifd mitosis, forming two small, nearly 
spherical chromatin masses one of which goes to each pole of the 
spindle (fig. 5). 

Since the X chromosome passes undivided to one pole of the 
first maturation spindle and divides longitudinally in the second 
maturation mitosis two classes of spermatozoa are produced in 
Necturus, as in many other species of animals. Presumably both 
classes of spermatozoa are functional, as I have not found sufficient 
degeneration among the spermatids to warrant the assumption 
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that spermatocytes lacking the X chromosome degenerate, as is 
the case in Phylloxerans (Morgan ’09) and several other forms. 

The mature spermatocytes of Necturus show a condition of the 
X chromosome which is transitional between that found in the 
many species in which the X chromosome can be traced as a 
separate structure throughout the development of the spermato- 
cytes and the chromatin relations in such forms as the higher 
batrachians in which the X chromosome has apparently formed a 
permanent union with one of the large chromosomes and can no 
longer be distinguished by any method of technique at our com- 
mand. It is hoped that the study of the early stages in the 
development of the spermatocytes will give further facts of interest 
regarding the relations of the X chromosome in this amphibian. 
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THE EFFECTS OF HEAT ON THE DEVELOPMENT 
OF THE TOAD’S EGG. 


HELEN DEAN KING. 

An extended series of experiments made by Hertwig (1-4) 
prove that the maximum temperature at which the eggs of the 
frog will develop normally differs for different species. His ex- 
periments also show that eggs in the cleavage stages can with- 
stand a higher temperature than can unsegmented eggs. These 
results have a bearing on the general problem of adaptation ; for 
it may be possible to show, after more species have been studied, 
that the maximum temperature which the eggs of amphibians 
can endure without injury and also the temperature most favor- 
able for their development depend, to a certain extent at least, on 
the time of year at which the eggs are deposited. 

Material and Method. 

The eggs of the common toad, Bufo lentiginosus , were used 
in making all of the experiments recorded in the present paper. 
After natural fertilization, the eggs were brought into the labora- 
tory where the temperature varied from 1 8 to 2 1 0 C. Control sets 
of eggs from each lot used for the experiments, developing at 
the room temperature, all became perfectly normal embryos, and 
some of them were kept until metamorphosis. 

In making the experiments, small dishes containing about 80 
c.c. of spring water were placed in the drying chamber of a large 
water-bath, and after the water had become heated, from 50 to 75 
eggs were quickly transferred into it and left a given length of 
time. The temperature to which the eggs were being subjected 
could readily be told from a thermometer that projected into 
the chamber through a small opening in the top. Great care 
was taken to keep the temperature of the chamber as constant 
as possible during the course of the experiments, and in no case 
did it vary more than two degrees. After the eggs were re- 
moved from the chamber, they were put into fresh water at room 
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temperature and their later development compared with that of 
the eggs in the control set. 

II. Experiments on Unsegmented Eggs. 

Experiment i. — On April 1 6, twenty-five unsegmented eggs 
were subjected to a temperature of 28-30° C. for two and one- 
half hours. When removed from the chamber, all of the eggs 
were in the 16-cell stage, while in the control set, developing at 
room temperature, the eggs had only reached the 4-8 -cell stage. 
The immediate effect of the higher temperature, therefore, was 
to increase the rate of development. This result agrees fully 
with that obtained by Hertwig in many of his temperature ex- 
periments on the frog’s egg. The later development of the 
eggs in this series appeared to be perfectly normal, and it took 
place at about the same rate as in the eggs of the control set. 

Experiment 2 . — A number of eggs that had not yet seg- 
mented were put into water at a temperature of 30-32° C. on 
April 17. Part of the eggs were removed at the expiration of 
three quarters of an hour, and when examined they were all 
found to be segmenting. In a few cases the first cleavage plane 
had nearly cut through the yolk portion of the egg and the 
second furrow was appearing. In the control set of eggs, the 
first cleavage plane was just coming in at this time, so that, in this 
experiment also, the early development became more rapid as an 
immediate result of exposing the eggs to a higher temperature. 
All of these eggs developed into normal embryos. 

Some of the eggs of the above lot remained in the heated 
chamber for one hour. The second cleavage plane had ap- 
peared in all of the eggs when they were removed to room tem- 
perature. Later segmentation was normal, and on the following 
day the dorsal lip of the blastopore appeared in all of the eggs 
at about the same time that it formed in the eggs of the control 
set. On April 19, many of the eggs were dead ; some were in 
the early gastrula stages, and some showed traces of the medul- 
lary folds. Of the seven embryos alive on April 20, three were 
abnormal, having a large yolk plug exposed at the posterior end 
of the body ; the other four embryos were normal and were kept 
for several weeks. 
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The remaining eggs of this lot were kept at the temperature of 
30-32° C. for one and one-half hours. At the end of this time 
they were in the 16-cell stage, while the eggs of the control 
set were only in the 2-4-cell stage. Later segmentation of 
these eggs seemed to be normal, and on April 18 the dorsal 
lip of the blastopore appeared in a very few of them. On the 
morning of April 1 9 most of the eggs were dead, and not one of 
them, when examined, was found to have gastrulated. In the 
eggs still living the blastopore was closing in, but development 
was much slower than that of the eggs of the control set in 
which, at this time, the blastopore had already closed and the 
medullary folds were forming. All of the eggs were dead on the 
morning of April 20, and in no case was gastrulation entirely 
completed. 

In these last two lots of eggs the injurious effects of heat 
were not apparent during the segmentation stages and only 
manifested themselves when the eggs were ready to gastrulate. 
Early development was accelerated ; but later development 
lagged behind, or, at most, w>as equal to that of the eggs in the 
control set. 

Experiment j. — A number of unsegmented eggs were exposed 
to a temperature of 3 2° C. for two hours on April 22, and when 
removed they were in the 16-cell stage. In this lot of eggs 
the later cleavage was very abnormal as the upper hemisphere 
divided into a number of small cells, while the lower part of 
the egg segmented only a few times and, consequently, was com- 
posed of a small number of very large cells. Cleavage lines 
were very distinct in the upper part of the egg ; but it was almost 
impossible to make out the boundaries of the yolk cells. None 
of the eggs in this set gastrulated and all of them were dead by 
April 24. 

Experiment 4. — On the morning of April 16, a small lot of 
eggs was subjected to a temperature of 32-33° C. for one-half 
of an hour. The eggs had not segmented when they were put 
into cooler water, but in every case the first furrow appeared 
in about fifteen minutes. In the control set, the first cleavage 
plane came in about half an hour later than it did in the eggs 
used for the experiment. All of the eggs of this set developed 
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normally, and sections made of later embryos showed them to be 
no different from the embryos of the control set. 

Experiment 5 . — A bunch of about seventy-five unsegmented 
eggs was put into water heated to a temperature of 34-3 5 0 C. on 
April 16. Part of the eggs were removed at the end of half an 
hour and a few of them at once began to segment. None of the 
cleavage planes, with the exception of the first, came in normally, 
and in no case did any of them cut through the entire egg. 
Part of a section of one of these eggs is shown in Fig. 1. All 
of the cleavage planes are seen to be parallel and to extend but 
a short distance through the upper hemisphere of the egg. De- 
velopment did not progress beyond this stage in any case, and 
the majority of the eggs never segmented although they appeared 
to be living several hours after they were brought into room 
temperature. 

Some of the eggs of the above lot remained at the temperature 
of 34-3 5 0 C. for one hour. When put into cooler water and ex- 
amined, a slight depression was found in the center of the upper 
hemisphere of a few of the eggs as if the first cleavage plane was 
about to appear in its normal position. This appearance, how- 
ever, proved to be only a wrinkling of the surface as none of the 
eggs, when sectioned, showed any true cleavage planes. 

The above experiments show that the unsegmented eggs of 
the toad can withstand a temperature of 3 2-33 0 C. for one-half 
of an hour and develop normally, while an exposure to this 
temperature for a longer period is very injurious and only a small 
per cent, of the eggs produced normal tadpoles. Exposure to a 
temperature of 34 0 , even for a short time, injures the eggs be- 
yond the possibility of a recovery. The maximum temperature 
that the unsegmented egg can endure without injury is, there- 
fore, 33 0 C. The optimum temperature, a term defined by Hert- 
wig (3) as, 11 Die Temperatur bei welcher sich der Entwicklungs- 
process bei alien Eiren mit der grossten Beschleunigung ohne 
eine auffallige Storung und Abweichung von der Norm vollzieht,” 
for this egg is probably not far from 28° C., judging from the re- 
sults obtained in experiments 1 and 2. In all cases in which the 
heat did not kill the eggs, development was accelerated at first, 
apparently with no injurious effects on the egg. In later stages, 
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I. Part of a section of an egg that was subjected to a temperature of 34~35°C. for one-half of an hour before cleavage began. 

. 2. A section of an egg that was exposed to a temperature of 35-36° C. for three quarters of an hour when it was 
two-cell stage. S. C., segmentation cavity. 

;. 3. A section of an egg that was subjected to a temperature ot 33-35° C. for two hours after the first cleavage plane had 


f. 4. A section of an egg that was subjected to a temperature of 31 -33° C. for three and one-half hours when it was in the 
•cell stage of development. Bl. blastopore. 
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however, the eggs of the control sets appeared to be fully as far 
advanced in development as were the eggs that had been subjected 
to a higher temperature. Increase in the rate of development is, 
therefore, but the immediate effect of heat, and after the eggs are 
brought into a lower temperature they develop at the same, or a 
lower rate, than the eggs of the control set. 

III. Experiments on Eggs in Early Cleavage Stages. 

Experiment 6 . — On April 1 7, a lot of about fifty eggs in the 
2-cell stage of development was exposed to a temperature of 
3 1 -3 3 0 C. At the end of one and one-half hours, part of the 
eggs were removed. They were then in the 8- 16-cell stage. 
The later development of these eggs was perfectly normal in 
every respect. 

The rest of the eggs of this lot remained in the heated chamber 
for two hours. All of these eggs developed normally during the 
early cleavage and gastrulation stages ; but later a few embryos 
were found with shortened medullary folds and a large yolk plug 
at the posterior end of the body. This form of abnormality is 
very common among embryos that have been injured by ex- 
posure to heat. 

Experiment 7. — As the first cleavage plane was appearing, a lot 
of about fifty eggs was subjected to a temperature of 35—36° C. 
for three quarters of an hour. All of the eggs were segmenting 
in a very abnormal manner when they were transferred into water 
at the room temperature, and none of them ever gastrulated. 
Fig. 2 shows a median section through one of these eggs. With 
the exception of the layer of small cells bordering the outer sur- 
face of the upper hemisphere, the entire substance of the egg is 
seen to be unsegmented and to have a number of different sized 
vacuoles scattered through it. A large, irregularly shaped cavity 
fills the greater part of the upper hemisphere of the egg. This 
cavity is much larger than the segmentation cavity in a normally 
segmenting egg, and it appears to be formed of the true seg- 
mentation cavity and several large vacuoles which have come to 
open into it. 

Experiment 8 . — On April 22, a lot of eggs in the 2-cell stage 
was exposed to a temperature of 35-36° C. for one hour. When 
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removed from the chamber the eggs were in the 8-cell stage, but 
development stopped at this point and all of the eggs were dead 
inside of twenty -four hours. 

Experiment 9. — In this experiment, eggs in the 2- and in the 4- 
cell stages of development, were subjected to a temperature of 
3 3-3 5° C. for a period of two hours. At the end of this time the 
eggs were segmenting very irregularly in the upper hemisphere 
and no cleavage planes were visible in the yolk portion of the egg. 
A section through one of these eggs (Fig. 3) shows the entire 
upper hemisphere divided into a mass of small cells containing a 
considerable amount of pigment which is, for the most part, col- 
lected in the middle of the cell around the nucleus. The first 
cleavage plane has cut only partially through the yolk portion of 
the egg, as its progress was evidently stopped at the beginning 
of the experiment. There are no nuclei in the yolk portion of 
the egg, and the many vacuoles show the injurious effects of the 
heat. The mass of small cells in the upper hemisphere forms 
a sort of cap on the unsegmented yolk and make it appear 
as if the segmentation of the egg was meroblastic. This same 
sort of abnormal cleavage has also been obtained by Hertwig 
(!- 2 > 

According to the experiments in this series, eggs in the early 
cleavage stages can endure exposure to a temperature of 3 1- 
33 0 C. for a longer period than can the unsegmented egg ; yet 
they are permanently injured by even a short immersion in water 
at a temperature of 35 0 . The maximum temperature for these 
eggs, therefore, is not greater than that for the unsegmented egg. 
Hertwig (4) has found that the maximum temperature for the 
eggs of Rana fusca in the 8-cell stage of development is 26-28°, 
which is 3-4 0 higher than that for the unsegmented egg. 

IV. Experiments on Eggs in Late Segmentation and 
Early Gastrula Stages. 

Experiment 10. — On April 18, fifty eggs in the 32-64-cell 
stage of development were kept at a temperature of 3 1-3 3° C. 
for two hours. Subsequently all of the eggs developed into 
normal embryos and at about the same rate as did the eggs of 
the control set. 
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Experiment / /. — Another set of fifty eggs from the same bunch 
as the eggs used in experiment io, was subjected to a tempera- 
ture of 3i-33°C. for three hours. The late segmentation and 
early gastrulation stages of all of these eggs seemed to be perfectly 
normal. Two days after the experiment was made, 38 of the 
eggs were dead, the blastopore not having closed in any case. 
Of the remaining eggs four only were normal, the rest had a 
large yolk plug at the posterior end of the body. 

Experiment 12. — Twenty-five eggs from the same lot as those 
used in the two preceding experiments remained in water at a 
temperature of 3 1—3 3 0 C. for three and one-half hours. Fifteen 
of the eggs died in the blastula stage. The blastopore appeared 
in the other ten eggs, but in many cases it was in an unusual 
position at the equator of the egg. When the dorsal lip of the 
blastopore was forming in these eggs, the circular blastopore 
was already beginning to close in the control set of eggs, there- 
fore, in this instance, the heat retarded instead of increased the 
rate of development of the eggs. In none of the eggs of this 
set did the blastopore ever become circular, and all of the eggs 
were dead two days after the experiment was made. 

Fig. 4 shows a section of one of these eggs preserved when 
the blastopore appeared in surface view as a short, straight line 
at the equatorial zone. The dorsal lip of the blastopore rarely, 
if ever, comes in as high up as the equator in eggs that are de- 
veloping normally ; but it sometimes occupies an unusual posi- 
tion in eggs that have been subjected to abnormal conditions. 
Morgan (5) has found the blastoporic rim above the equato- 
rial zone in eggs of Rana palustris that have been subjected to 
intense cold. In Fig. 4 the archenteron appears as a shallow 
depression with its dorsal wall formed of heavily pigmented cells 
as is normally the case. The inner end of the archenteron, in- 
stead of turning up towards the black pole as it would do in a 
normal egg, here projects downward towards the yolk pole. 
The most interesting fact shown by the section is that the normal 
position of the large and of the small cells of the egg is com- 
pletely reversed. In normally gastrulating eggs, the roof of the 
segmentation cavity is formed of two to three layers of small, pig- 
mented cells, while the ventral wall is composed entirely of large 
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yolk cells that contain little, if any, pigment In thisegg, however, 
the upper wall of the segmentation cavity is made up of a single 
layer of heavily pigmented cells which are fully as large as any 
other cells in the egg. Below the segmentation cavity, a por- 
tion of the yolk is divided into a number of small cells, many of 
which contain pigment massed around the nucleus. Some of 
these cells are rounded and seem to lie free in the segmentation 
cavity, an appearance also noted by Hertwig (4) in eggs oiRana 
fusca that were exposed to a temperature of 29-3 5 0 C. after 
having reached about the 1 oo-cell-stage of development 

Morgan has also noted the relatively large size of the cells in 
the upper hemisphere of gastrulating eggs of Rana palustris that 
had been subjected to cold. He suggests that this increase in 
the size of the cells “ may be due in part to the absorption of 
water by the individual cells,* * and he adds that, “ even if this is 
the case the cells are fewer in number than in a normal egg 
beginning to gastrulate.” In the figure shown by Morgan, 
the cells of the lower hemisphere are all considerably larger 
than those of the upper hemisphere ; the egg, therefore, must 
have been much more normal than the one from which Fig. 4 
was drawn. 

It is evident, in the case of the egg shown in Fig. 4, that the 
increased temperature did not injure the yolk region or retard its 
development as is usually the case in these experiments ; on the 
contrary, it is the segmentation of the upper hemisphere that has 
been delayed, while the segmentation of the lower portion of the 
egg has continued. No egg in this set of experiments developed 
much beyond the stage represented by Fig. 4, and each of the ten 
eggs that were sectioned showed abnormalities of the same gen- 
eral character. 

Experiment 13. — On April 26, about seventy-five eggs in the 
late blastula stage were subjected to a temperature of 3 3-3 5 0 C. 
A part of the eggs were removed at the end of one and one-half 
hours and they all developed into normal embryos. 

A second portion of the eggs was exposed to this temperature 
for two and one-half hours. All of these eggs developed into 
normal embryos, although somewhat more slowly than did those 
of the control set. 
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A third part of the eggs remained at the temperature of 33-35° 
for three and one-half hours. These eggs were all dead when 
removed from the influence of the heat. 

Experiment 14.. — A number of eggs in the blastula stage were 
exposed to a temperature of 36-37° C. on April 26. Some of 
the eggs were removed from the chamber at the end of one-half 
of an hour. The eggs did not appear to be injured in any way 
by the experiment and all developed normally. 

A second portion of the eggs from the above lot remained at 
this temperature of 36-37° C. for three quarters of an hour. All 
of the eggs gastrulated normally, but about half of them died 
before the blastopore closed. When sectioned these eggs showed 
no abnormalities. The rest of the eggs became normal embryos, 
although developing very slowly. The medullary folds had 
closed in the eggs of the control set when they were only begin- 
ning to unite in the eggs that had been subjected to the increased 
temperature. 

The remaining eggs of this lot were removed to room tem- 
perature at the end of one hour. Although the eggs did 
not appear to be dead -when they were examined, they did not 
gastrulate and none of them were alive the day following the 
experiment. 

Experiment 13 . — Twenty eggs in late segmentation stages 
were subjected to a temperature of 40-42° C. for one quarter of 
an hour. Development was at once stopped by the heat, and all 
of the eggs were killed. 

Experiment 16. — When the dorsal lip of the blastopore was 
just appearing, a lot of about twenty eggs was put into water 
at a temperature of 33-35° C. and left there for three hours. 
All of the eggs continued to develop somewhat more slowly 
than the eggs of the control set and all became normal em- 
bryos. 

Experiment 17. — On April 24, a lot of eggs in early gastru- 
lation stages was kept at a temperature of 35-37° C. for one 
hour. In all of the eggs the lateral and ventral lips of the blasto- 
pore formed in the normal manner, but development stopped at 
this point and the eggs died. No abnormalities were detected 
when sections were made of several of these eggs. 
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Experiment 18. — Eggs in early gastrulation stages were ex- 
posed to a temperature of 37-38° C. on April 24. A part of 
the eggs were removed at the end of one quarter of an hour. 
None of these eggs seemed to be injured in any way by the high 
degree of heat to which they had been subjected and all de- 
veloped, somewhat slowly, into normal embryos. The rest of 
the eggs in this lot remained at the temperature of 37-38° C. for 
one hour. They were all dead when removed to room tem- 
perature. 

The results of the experiments in this series show that eggs in 
the 32-64-cell stage cannot withstand a temperature of 3 1—3 3 0 
C. for a much longer period than can eggs that have just begun 
to segment. The maximum temperature to which eggs can be 
subjected without injury is practically the same for unsegmented 
eggs and for those in early cleavage stages, although eggs in the 
later stages can remain at this temperature for a somewhat longer 
period and still develop normally. 

Eggs in late cleavage stages have a much greater power to 
withstand high temperature than have eggs in the earlier stages 
of development, as they will develop normally after exposure to 
a temperature of 36-37° C. for one-half of an hour. The maxi- 
mum degree of heat that can be endured without injury is still 
higher for eggs in the gastrula stages, as they become normal 
embryos after being subjected to a temperature of 37-38° C. for 
one quarter of an hour. 

The experiments described above are summarized in the fol- 
lowing table. The number of the experiment is given in the 
first column ; the condition of the eggs when the experiment was 
begun in the second column ; the temperature to which the eggs 
were subjected in the third column; followed in the next two 
columns by the duration of the experiment and a brief statement 
of the results. 

The results of these experiments are very similar to those ob- 
tained by Hertwig (1-4) in his study of the effects of heat on the 
development of the eggs of various species of frogs ; and the 
abnormalities produced resemble, in many respects, those which 
Hertwig has described and figured. When the unsegmented 
eggs of Bufo lentiginosus are subjected to a temperature that 
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Table I. 


No. of Exp. Condition Temperature. ) Time, i Result. 


I 

unsegmented. 

' 28-30° C.| 

2 )/ 2 hrs. 

Normal development. 

2 

; “ 

1 30“3 2 , 

X “ 1 

Normal development. 

2 

<< 

| 

«< 

1 

1 “ 

Four eggs developed normally ; the 
rest died or became abnormal. 

2 


«« 1 

i 


Most of the eggs died in the blas- 
tula stage ; a few gastrulated but 
did not develop further. 

3 

<< 

32 

2 “ 

All died in the blastula stage. 

4 

< < 

' 3 2 -33 

'A- 

Normal development. 

5 I 

i i 

, 34-35 1 

% “ 

Irregular cleavage, no gastrulation. 

5 

( ( 

t “ i 

1 “ 1 

Eggs killed. 

6 

2 cell. 

31-33 

1% “ 

Normal development. 

6 


2 “ 1 

! 

Most of the eggs developed nor- 
mally. 

7 

< < 

35-36 , 

u 1 

U “ 

Abnormal cleavage, no gastrulation. 

8 

(< 

I 

Development stopped at the eight- 
cell stage. 

9 

2-4 cell. 

33-35 I 

2 “ 

Abnormal cleavage, no gastrulation. 

10 

32-64 cell. 

3 I- 33 

2 ‘ 4 

Normal development. 

11 

4 < 

l 1 

3 

Four normal embryos ; the rest of 
the eggs died or became very 
abnormal. 

12 

t i 

<< 

1 

j 

3^ “ : 

All of the eggs became abnormal, 
none of them developed into 
tadpoles. 

13 

Late seg. 

33-35 j 

1 *4 “ 

Normal development. 

13 

i “ 

1 “ 1 

2 , /2 “ , 

Normal development. 

13 

<< 

<< 

3 'A “ 1 

Eggs killed. 

14 

“ 

1 36-37 

'4 “ 

Normal development. 

14 

K 

1 “ 1 

i i 

3 / “ 

/4 l 

1 

A few of the eggs developed nor- 
mally, most of them died in the 
gastrula stage. 

x 4 | 

“ 

| “ 1 

I u 

Eggs killed. 

15 1 

< < 

1 40-42 

X “ ' 

Eggs killed. 

16 

Early gastrula. 

33-35 1 

3 “ 

Normal development. 

17 ! 

i i 

| 35-37 

1 “ 

1 

Development stopped when the 
blastopore was closing in. 

18 , 

i t 

37-38 ; 

1 / 

/4 | 

Normal development. 

18 

i i 

“ 1 

I “ 1 

Eggs killed. 


stops their development before gastrulation begins, sections of 
the eggs show, in many cases, that the greatest injury has been 
produced in the yolk portion of the egg which is frequently 
vacuolated and not segmented although the upper part of the 
egg has divided into a large number of small cells. Hertwig 
has noticed the same phenomenon in some of his experiments, 
and in explanation he states as follows : “ Dass Froscheier bei 
erhohter Temperatur zunachst partiell geschadigt werden und 
eventuell absterben, ist offenbar auf die verschiedene Organisa- 
tion der animalen und vegetativen Halfte der Dotterkugel zuriick- 
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zufuhren. Die animale Halfte der Dotterkugel ist reicher an 
Protoplasma und steht in hoherem Masse unter der Herrschaft 
des Zellkems. Unter der normalen Wechselwirkung von Pro- 
toplasma und Kern konnen aber Schaden, welche eine Zelle 
erlitten hat, wie durch verschiedene Experimente festgestellt wor- 
den ist, wieder riickgangig gemacht werden. In dieser Bezie- 
hung findet sich die vegetative Halfte der Eikugei unter ungun- 
stigeren Bedingungen. Denn hier ist das Protoplasma nicht nur 
sparlicher zwischen den Dotterplattchen vertheilt, sondern ist 
auch am ungethielten Ei mehr dem Einfluss des Zellkerns, der 
in der animalen Halfte liegt, entriickt ; spater, nach Ablauf der 
ersten Furchungsstadien sind die Theilstiicke vielmals grosser 
als die aus der animalen Eihalfte entstehenden Zellen.” 

When the injurious effects of the heat are not manifested until 
the eggs gas tru late, Hertwig (3) finds, in Rana fusca , that the 
abnormalities produced are of two sorts : First, those with a large 
yolk plug in the posterior region ; second, those with deformed 
heads. In all of my experiments on Bufo, the abnormal tad- 
poles, with but very few exceptions, were of the first sort de- 
scribed by Hertwig. In some cases the development of the eggs 
stopped when the medullary folds were forming and a large yolk 
plug was found in the mid-dorsal region ; in three cases only 
was the defect in the anterior part of the embryo. My results 
are more in accord with Hertwig’s experiments on Rana escu - 
lenta than with those on Rana fusca , as in his experiments on 
the former species he obtained a much smaller number of spina 
bifida embryos than of those with a large yolk plug at the pos- 
terior end of the body. 

Hertwig (4) finds that the optimum temperature for the devel- 
opment of Rana fusca is 20° C. for the unsegmented egg, and 
that this optimum rises gradually to 24 0 C. for eggs in later 
stages of development. He adds : “ Offenbar hangt diese Er- 
scheinung damit zusammen, dass mit der Vermehung der Zellen 
die Kernsubstanz im Verhaltniss zum Protoplasma immer mehr 
zunimmt und dass so das Protoplasma in hoheren Masse ihrem 
Einfluss unterworfen ist.” The optimum temperature for the 
unsegmented egg of Bufo lentiginosus is undoubtedly higher 
than that for Rana fusca , and it is probably somewhere near 28° 
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C. This optimum in increased 2-3° for eggs in later stages of 
development. 

In another set of experiments on Rana fusca t Hertvvig (4) finds 
that the maximum temperature to which the unsegmented eggs 
can be subjected without suffering any injury is 23-24 0 C., while 
this maximum is increased to 30° C. for eggs in the late segmen- 
tation stages. The maximum temperature for unsegmented eggs 
of Rana esculenta Hertwig finds to be 33 0 C. This is also the 
maximum temperature I have found for unsegmented eggs of 
the toad, although eggs in the blastula stage can endure a tem- 
perature of 38° C. for a very short time. 

Morgan has noted that the blastula stages of Rana palustris 
can endure extreme cold much better than can eggs in the 2-4- 
cell stages, and he also finds that the eggs of Rana temporaria 
which are laid very early in the spring, can survive the tempera- 
of freezing water for several days. This temperature would very 
soon kill eggs of Rana palustris which are deposited much later 
than are the eggs of Rana temporaria . 

While the eggs of all of these species of Anura can withstand 
a wide range of temperature without injury, there appears to be 
an adaptation to temperature corresponding to the different 
periods at which the eggs are deposited. Rana fusca and Rana 
temporaria lay their eggs very early in the spring when the water 
is often at the freezing point ; and the eggs of these two species 
can stand cold much better than can the eggs of Rana palustris and 
Rana esculenta which are laid considerably later. Although the 
eggs of Bufo lentiginosus are laid but little later than are those of 
Rana palustris , they are usually deposited in shallow pools of 
water exposed to the direct rays of the sun. They must, there- 
fore, often be subjected to a comparatively high degree of heat 
during the course of their development. 

Bryn Mawr College, 

Bryn Mawr, Pa., April 24, 1903. 
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THE EFFECTS OF SOME AMIDO-ACIDS ON THE 
DEVELOPMENT OF THE EGGS OF ARBACIA 
AND OF CH/ETOPTERUS. 

HELEN DEAN KING, 

The Wistar Institute of Anatomy and Biology. 

In 1909, Mathews published a short account of some experi- 
ments which he made to ascertain the effects of various amido- 
acids on the development of the eggs of Arbacia. The results of 
these experiments have considerable theoretical interest, since 
they seem to show that the course of embryonic development 
can be determined, to a greater or a less extent, by these products 
of protein digestion. 

While I was working in the Marine Biological Laboratory at 
Woods Hole, Mass., in the summer of 1909, Dr. Mathews kindly 
furnished me with a number of amido-acids in order that I might 
repeat and extend his experiments and make a detailed study of 
the different types of larvae that might be obtained. As it seemed 
worth while to determine whether amido-acids can alter the 
course of development in various kinds of eggs or whether they 
have a specific action on the eggs of Arbacia , the experiments 
were carried beyond the limits originally intended and were made 
with the eggs of an annelid, Chatopterus pergamentaceus , as well 
as with the eggs of the sea-urchin, Arbacia punctulata. 

In addition to cystin, leucin and tyrosin, the three amido-acids 
which Mathews used in his experiments, both kinds of eggs were 
subjected to the action of glutamic acid, aspartic acid, asparagine, 
glycocoll and alanin. In each series of experiments eggs from 
two or more females were thoroughly mixed and then artificially 
fertilized in sea-water. As soon as the polar bodies had been 
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extruded, approximately equal portions of the eggs were trans- 
ferred into finger bowls which contained ioo c.c. of the solution 
to be tested. As a control by which to judge of the effects of 
the solutions, one portion of the eggs was allowed to develop in 
ioo c.c. of normal sea-water. The various experiments were 
made in a similar manner and the eggs were kept under like 
conditions of light and of temperature during their development 
in order that the results of the experiments might not be affected 
by environmental conditions other than those that were being 
studied. 

A. Experiments with the Eggs of Arbacia punctulata . 

As the breeding season of Arbacia is near its close the latter 
part of July, only a small number of eggs suitable for experimental 
purposes could be obtained. All of the eggs used were presum- 
ably in a normal physiological condition, as at least 90 per cent, 
of those in the control cultures developed in a normal manner 
and became plutei. 

In each series of experiments observations were made at fre- 
quent intervals on the living embryos. These observations were 
later supplemented by a microscopic study of various lots of 
material that had been fixed in corrosive sublimate and stained 
with Heidenhain’s iron-haematoxylin or with Delafield’s haema- 
toxylin followed by eosin. 

Cystin (C6H12O4N2S2). — As this substance is very insoluble in 
cold sea-water, the solution used in the first experiment that 
was made was prepared in the following way: A quantity of the 
pure crystalline salt was placed in a flask of sea-water heated to 
40° C. The mixture remained at this temperature for one half 
hour and w r as then sealed and set aside. After three days the 
solution was filtered, to remove the undissolved cystin, and used 
within a few hours. 

A lot of Arbacia eggs was fertilized at 11.45 A.M. on the 
morning of July 14, 1909, and a portion of them was placed in the 
saturated solution of cystin at 12.15 P.M. These eggs were 
found to be segmenting in a normal manner when division of the 
eggs in the control culture took place at 12.50 P.M., and for some 
hours the eggs of both cultures seemed to be developing at about 
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the same rate. If the cystin had any effect on the segmentation 
it was too slight to be detected either in the living eggs or in 
preserved material. 

On the morning of July 15, both cultures contained many 
living embryos; those of the control were well -developed gas- 
trulse that were swimming at the surface of the water in a normal 
manner; those in the cystin solution were decidedly smaller than 
the control larvae, and most of them were swimming at the bot- 
tom of the dish. Thirty hours after the experiment was started 
all of the larvae in the cystin solution were dead, although the 
larvae in the control culture were still in good condition. Pre- 
served material showed that the development of the eggs that 
had been subjected to the action of the cystin solution took place 
in a perfectly normal manner, although it was somewhat slower 
than that of the eggs in the control lot. 

Mathews found that cystin produced a decided acceleration 
in the development of the eggs of Arbacia , which was apparent 
from the fourth division on. The solution that he used was 
made as follows: “One hundred centimeters of sea-water were 
shaken for a moment with about a centigram of crystalline 
cystin and the mixture poured into a finger bowl with the un- 
dissolved cystin. The eggs, fertilized something less than an 
hour before, were then added and the eggs lay during develop- 
ment among the crystals of cystin at the bottom of the dish.” 
As a solution made in this way is undoubtedly much weaker 
than that employed in my first experiment, it seemed probable 
that the opposing results obtained by Mathews and myself might 
be due to the difference in the strength of the solutions to which 
the eggs were subjected. The experiment was therefore re- 
peated with a different lot of eggs, the solution of cystin that 
was used being prepared in the manner described by Mathews. 

In this experiment, also, the development of the eggs appeared 
to progress at about the same rate in both the cystin culture and 
in the control. Some of the eggs in the cystin solution seemed to 
segment much more rapidly than others, and a very few of them 
developed at a faster rate than the major portion of the eggs in 
the control culture. A careful comparison between the two 
cultures, made at intervals of about one half hour during the 
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entire day, failed to show any marked acceleration in the develop- 
ment of the great majority of the eggs in the cystin solution. 
Twenty hours after the experiment began swimming larvae were 
found at the surface in both cultures, so in this instance the 
development of the blastulae was not retarded by the cystin. 
The solution was ultimately harmful, however, as all of the 
larvae in the cystin culture died within thirty-six hours, while 
those of the control developed into plutei that lived for several 
days. No unusual types of larvae were noted among the living 
forms, and none were found in microscopic preparations of the 
older embryos. 

The Arbacia eggs with which Mathews experimented were 
undoubtedly in a very different physiological condition from 
those that I used, for Mathews states that in the control lots 
for his experiments “hardly a pluteus was to be found and these 
few were generally abnormal.” In both of my control cultures 
the great majority of the eggs formed normal plutei that lived 
for some days. With such a great* difference in the lots of eggs 
experimented upon it is not surprising that the results do not 
agree, since the reaction of eggs to any external stimulus depends, 
to a considerable extent, upon the particular physiological con- 
ditions existing in the eggs at the time that the stimulus is applied. 

Lencin (CcHiaNOo). — By the use of a weak solution of “impure 
leucin” Mathews changed the course of development of the eggs 
of Arbacia so that many of the embryos were totally unlike 
Arbacia larvae. “In many, evagination of the entoderm instead 
of invagination, took place. A few developed a ciliated band 
in the shape of the star-fish bipinnaria. . . . Another form was 
perfectly spherical with a single ciliated band about the middle. 
It looked in its external form like a small trochophore.” Un- 
fortunately, it was not possible to obtain any of the impure 
leucin with which Mathews produced these remarkable forms of 
Arbacia larvse, and the leucin with which I experimented was 
presumably pure. 

Solutions of various strengths (2, 1, j, an d sV P er cent.) 
were used on batches of eggs that were fertilized at 11.30 A.M. 
on the morning of July 16, 1909. The eggs in all of the cultures 
began segmenting at the same time as those in the control lot, 
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but the stronger solutions very soon proved toxic and greatly 
retarded development. None of the eggs in the 2 per cent, solu- 
tion of leucin had developed beyond the 2 -cell stage at the time 
that the great majority of the eggs in all of the other solutions, 
as well as in the control, were in the 8-cell stage. A solution of 
this strength, however, does not kill the eggs quickly, as twenty 
hours after the experiment began this culture contained a few 
ciliated larvae that were much smaller, and less active, than those 
of the control lot. Within twenty-four hours all of the larvae 
in the 2 per cent, solution of leucin were dead. 

A microscopic examination was made of a large number of 
eggs taken from the 2 per cent, solution of leucin at different 
stages in their development. Many of the young eggs were 
abnormal in that there was an irregular distribution of the chro- 
mosomes to the poles of the segmentation-spindle or a very un- 
equal division of the blastomeres. Such abnormal eggs evidently 
died before reaching the blastula stage, as nearly all of the older 
embryos that were examined were normal although somewhat 
smaller than those of the control culture. A few abnormal 
blastulae were found among the older larvae, but as these larvae 
showed only such irregularities of form as may be found in 
individuals of almost every control culture of Arbacia larvae 
developing in a small amount of sea-water under laboratory 
conditions, they could not be considered as due to the specific 
action of the leucin in changing the course of development. 

The eggs in the 1 per cent, solution of leucin began to show the 
injurious effects of the solution after the first hour, and from 
this time on their development, although normal, lagged behind 
that of the control: the weaker solutions had apparently no 
effects on the early segmentation. The blastulae in the control 
culture began moving about fifteen minutes sooner than the 
larvae in the other cultures, so evidently all of the leucin solutions 
retarded development somewhat after the first two or three 
hours. Plutei that seemed perfectly normal, and that lived for 
several days, developed in all of the weaker solutions. An 
examination of a considerable number of these embryos, pre- 
served at various stages in their development, failed to show any 
larvae that were in any way comparable to the unusual types that 
Mathews obtained with impure leucin. 
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A second experiment was made with leucin on July 24, 1909. 
In this instance a solution of the strength of Yi per cent, was 
employed, since stronger and weaker solutions do not alter the 
course of development. From the beginning of the experiment 
the segmentation of these eggs lagged behind that of the eggs in 
the control lot, and the retardation in development was fully 
as great as that produced by the I per cent, solution of leucin in 
the former series of experiments. Later the development of these 
eggs progressed at a more normal rate, and after seven hours 
the embryos appeared nearly as well developed, and fully as 
vigorous, as those in the control. The next morning larvae were 
swimming at the surface in both cultures, but those in the leucin 
solution soon dropped to the bottom of the dish and began to 
disintegrate. Microscopic preparations showed that the very 
great majority of these larvae were normal in every respect. 

Mathews states that in the summer of 1908, when his experi- 
ments were made, the sea-urchin eggs showed in many instances 
the remarkable peculiarity, recorded by Mathews and Whitcher 
(*03), that “a large number of eggs while living for several days 
not forming plutei, or but a small per cent, of irregular plutei." 
The experiments which Mathews made to test the action of 
amido-acids on the development of the eggs of A rbacia were made 
therefore, wholly or in great part, on eggs that were in a peculiar 
physiological condition when experimented upon: whether they 
could be considered as normal is doubtful. The unusual types 
of larvae that Mathews obtained by treating eggs with a weak 
solution of impure leucin were probably due to abnormal or 
unusual conditions existing in the eggs at the time of their 
fertilization, and not to the specific actions of leucin in changing 
the course of development. The effects of leucin on eggs of 
Arbacia that are in a normal physiological condition when ferti- 
lized depends chiefly upon the strength of the solution used: a 
strong solution retards development and causes the early death 
of the embryos; a weak solution permits of normal development 
at first and is toxic only after many hours. 

Tyrosin (C9H11NO3). — This substance is not very soluble in cold 
sea-w 7 ater, and in order to obtain a solution of sufficient strength 
one gram of tyrosin crystals was put into 100 c.c. of sea-water and 
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the mixture brought to the boiling point. The solution was then 
cooled to laboratory temperature, filtered, and used at once. 

The early development of the eggs used in this experiment was 
normal, although slightly delayed. After twenty hours ciliated 
larvae were present in great number in the solution, but they 
were moving feebly and beginning to show degenerative changes. 
Prepared material showed that tyrosin had retarded the develop- 
ment of the eggs but produced no abnormalities. These results 
agree with those obtained by Mathews in a similar experiment. 

Glutamic Acid (CsHaNCh). — Various solutions of this substance 
(1, h 1V an d 3V cent.) were used on the eggs of Arbacia , and 
all of them proved to be injurious from the beginning of the experi- 
ment. The eggs placed in the stronger solutions (1 and per 
cent.) were killed at once. A few of the eggs subjected to the 
action of the per cent, solution began to segment in a normal 
manner, but none of them developed beyond the early stages of 
segmentation.* The eggs in the per cent, solution continued 
to live for some time, but their development was very greatly 
retarded and stopped entirely when the gastrula stage was 
reached. Preparations of these eggs showed that the effects of 
the glutamic acid was to check development, not to produce 
unusual types of larvae. 

Aspartic Acid (C4H7NO4). — This substance has a more dele- 
terious action on the eggs of arbacia than has glutamic acid. 
All of the eggs placed in a 1 per cent, solution and in a per cent, 
solution were killed at once; those subjected to the action of a 
•fa per cent, solution did not develop beyond the 2 -cell stage. A 
solution of the strength of fa per cent, allowed a considerable 
number of the eggs to develop to the blastula stage, but segmenta- 
tion was very irregular and much slower than that of the eggs 
in the control culture. 

Preparations of various lots of eggs that had been treated 
with aspartic acid solutions showed abnormal conditions not 
found in any of the Arbacia eggs subjected to the action of other 
amido-acids. Most of the eggs that had been subjected to the 
action of a fa per cent, solution of aspartic acid for four hours 
before fixation were found to be still unsegmented, and many of 
them had been entered by several spermatozoa. Only one sperm- 
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nucleus had fused with the egg-nucleus, however, and the seg- 
mentation-spindle that was formed usually appeared normal, 
although in many cases it occupied a very eccentric position close 
to the periphery of the egg. All of the accessory spermatozoa 
at this time were in the form of a small, rounded nuclei that were 
scattered throughout the cytoplasm. 

The ^ per cent, solution of aspartic acid had a different action 
on different eggs, depending, doubtless, upon the condition of 
the eggs when they were placed in the solution. Five hours after 
the experiment was begun about one fourth of the eggs were still 
unsegmented; some of the eggs were just beginning to segment; 
while others were in later stages of segmentation, and the cleavage 
planes were coming in very irregularly in many cases. A very 
few eggs had reached the blastula stage at this time, but they 
were not as well developed as the eggs in the control lot. After 
twenty-two hours the number of eggs that had reached the 
blastula stage w'as found to be consideraly increased. Develop- 
ment had been checked by this time, however, and the greater 
number of larvae appeared as more or less irregular masses of 
cells that were beginning to disintegrate. 

Preparations of this material showed many cases of polyspermy. 
Some of the unsegmented eggs contained a large multipolar 
segmentation-spindle formed, evidently, by the fusion of several 
sperm-nuclei with the egg-nucleus: other eggs contained a seg- 
mentation-spindle of the normal size with the chromosomes very 
unequally distributed to the spindle poles. The condition of 
these eggs greatly resembled that which O. and R. Hertwig (’87) 
found could be induced in fertilized echinoderm eggs by subjecting 
them to the action of various chemical substances which pre- 
vented their normal development. 

Asparagine (C4H10NCO4). — This amide of aspartic acid proved 
to be far less injurious to the eggs of Arbacia than did the latter 
substance, when used in solutions of the same strength (1, \ } 
and P er cent.). The great majority of the eggs in all of the 
cultures began to segment at the normal time and in a normal 
manner. After two hours the eggs in the 1 per cent, solution 
showed evidence of retarded development, but the eggs in all 
of the other solutions developed at a normal rate for some hours. 
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Twenty-four hours after the experiment began, ciliated larvae 
were present in great numbers in all of the solutions, but they 
all died many hours before the death of the larvae in the control 
culture. 

Glycocoll (C2H5NO2). — This substance, which is the simplest 
of the amido-acids, was much less harmful to the eggs of Arbacia 
than were any of the other amido-acids used in these experiments. 
During the first twenty-four hours the development of the eggs 
did not appear to be affected in any way by the solutions used 
(1, h iV aR d sV P^ cent.), but during the second day the embryos 
began to show degenerative changes, and all of them died about 
fifty hours after the experiment began. Sections of these eggs 
fixed at various stages of development merely confirmed the 
observations on the living forms, as no unusual types of larvae 
were found. 

Alanin (CSH7NO4). — This amido-acid dissolves readily in cold 
sea -water, and it w'as used in solutions of the following strengths: 
2, 1,5, iV an d sV P er cen t- The stronger solutions (2, 1 and 
| per cent.) retarded development from the beginning: the 
weaker solutions had no apparent effects on the segmentation 
of the eggs. After twenty-four hours each of the solutions con- 
tained a large number of swimming larvae, and only those in the 
2 per cent, solution showed any evidence of retarded develop- 
ment. The embryos in all of the cultures died some hours before 
the death of the control larvae, so weak solutions of alanin cannot 
be considered as favorable media in which to rear the eggs of 
Arbacia . Preserved material showed no abnormalities worthy 
of note at any stage of development. 

All of the amido-acids used in this series of experiments with 
the eggs of Arbacia proved to be toxic, the injurious effects of 
any substance depending very largely upon the strength of the 
solution used. In no case was the course of development altered 
in a definite direction, except in the very young eggs and in these 
the abnormalities produced were of the types commonly found 
when fertilized eggs of the sea-urchin are treated with various 
chemical solutions. 
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B. Experiments with the Eggs of Chcstopterus pergamentaceus . 

As the eggs of Ckcetopterus could be obtained in considerable 
numbers at Woods Hole in the summer of 1909, experiments were 
made to study the influence of amido-acids on the early develop- 
ment of this annelid, in the hope that some definite alterations 
in development might be produced comparable to those obtained 
by Loeb (*oi) and by Lillie (’02) when eggs of Chctiopterus were 
treated with potassium salts. Material intended for micro- 
scopic study was preserved in Boveri's picric-acetic solution 
and stained with hsematoxylin. 

Cystin . — On the morning of August 6, 1909, a lot of Chcttopterus 
eggs was placed in 100 c.c. of a saturated solution of cystin as 
soon as the polar bodies had been extruded. The early develop- 
ment of these eggs was slightly accelerated, and swimming 
larvae were found in this culture nearly one half hour before any 
movement could be detected in the control larvae. The next day 
the cystin solution was swarming with well-developed trocho- 
phores, but they all died about fifty hours after the experiment 
began. No abnormal embryos were noted at any stages of 
development and none were found in preserved material. 

The experiment was repeated several days later with eggs from 
another female. The results obtained were practically the same 
as in the first experiment, since there was more rapid develop- 
ment during the segmentation period. The solution proved to 
be toxic after thirty hours, however, killing the embryos without 
producing any alterations in structure. 

Leucin . — In one series of experiments this substance was used 
on the eggs of Chcztopterus in solutions of the following strengths: 

and per cent. None of these solutions had any marked 
effects on the early segmentation of the eggs, but they evidently 
caused a slight acceleration in development during a later period 
as the larvae in all of the solutions began moving some thirty 
minutes before there was any movement of the control larvae. 
Twenty hours after the experiments were started all of the cul- 
tures were carefully examined. The majority of the eggs that 
had been treated with the Y2 per cent, solution had stopped their 
development in the blastula stage, and were lying at the bottom 
of the dish apparently dead; a very few larvae were swimming 
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at the surface of the solution, but they had evidently reached their 
maximum development and would soon die. The ^ per cent, 
solution contained a considerable number of swimming larvae, 
but these larvae were not in good condition and plainly showed 
the injurious effects of the leucin. A large number of ciliated 
embryos were found in the -fa per cent, solution, and they ap- 
peared somewhat further advanced in development than those 
in the control culture. Degenerative changes appeared in these 
larvae in about twenty-four hours, however, and all of them 
were dead within thirty hours. No unusual types of larvae were 
found in preparations of these eggs fixed at various stages in 
their development. 

As it seemed possible that the solutions of leucin employed 
in the experiments described above might have been too weak 
to produce any alteration in the development of the eggs, a 
second experiment was made in which a batch of eggs was sub- 
jected to the action of a I per cent, solution of leucin. These eggs 
segmented at the normal time, but two hours later their develop- 
ment was found to be lagging behind that of the eggs in the 
control culture. After four hours the retardation in development 
was very marked, and in some instances two or more eggs had 
fused together. Loeb and Lillie have noted that the fusion of 
several embryos into giant forms is a phenomenon of frequent 
occurrence when eggs of Chatopterns are treated with potassium 
salts. In twenty hours all of the larvae were dead, and so dis- 
integrated that it was impossible to preserve any material fit 
for study. Sections of eggs fixed in earlier stages of development 
failed to show any abnormalities except the occasional fusion of 
two or more embryos. 

Tyrosin . — This substance was used on the eggs of Chcelopterus 
in a saturated solution which is less than per cent. Only a 
very few of the eggs had segmented when the first division oc- 
curred in the control eggs. After four hours the tyrosin culture 
showed all stages in development from the unsegmented egg 
through to late segmentation, the most advanced eggs being 
apparently at the same stage of development as the eggs of the 
control. All of the embryos in the tyrosin solution died within 
twenty-four hours after the experiment w r as started. Preserved 
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material showed that tyrosin acts on the eggs of Chcetopterus as 
it does on the eggs of Arbacia , causing a marked retardation in 
development but producing no specific abnormalities. 

Glutamic Acid. — Solutions of various strengths (i, \ and -jV 
per cent.) were used, the eggs being placed in the solutions about 
three quarters of an hour after their fertilization. All of the 
eggs in the two stronger solutions were evidently killed at once 
as none of them made any attempts to divide. Some of the eggs 
in the ^ per cent, solution began to elongate after the solution 
had acted upon them for one hour, and later many of these eggs 
took on an irregular shape as if attempting to divide into several 
cells at the same time. None of these eggs had segmented after 
five hours, however, so they were all returned to normal sea- 
water in the hope that they would then be able to continue their 
development. There was no segmentation of any of the eggs, 
although they appeared to live for some hours. 

Sections of preserved material showed that the segmentation- 
spindle had formed in many eggs in an apparently normal manner, 
but that development had been stopped at this point. 

Aspartic Acid . — Eggs of Chcetopterus fertilized at 10.55 A.M. 
on August 8, 1909, were placed in solutions of aspartic acid (1, 
h tV and per cent.) at 11.25 A.M. The eggs in the control 
culture were segmenting at 11.55 A.M., but no evidence of cleav- 
age could be detected in any of the eggs in the aspartic acid 
solutions until 1.30 P.M., when a few of the eggs in the per 
cent, solution began to elongate as if about to divide. A number 
of these elongated eggs were isolated and carefully watched for 
some time, but in no case did any division occur. Sections of 
preserved material showed that some eggs contained a normal 
segmentation-spindle, while others had a multipolar spindle that 
occupied an eccentric position close to the periphery. The 
stronger solutions of aspartic acid killed the eggs before the 
formation of the segmentation-spindle. 

Asparagine. — Solutions of this substance of the same strengths 
as those used in the experiments w r ith aspartic acid were tested. 
Normal cleavage began in the eggs of all of the cultures at the 
same time as in those of the control lot. Observations made at 
frequent intervals during the next four hours showed that seg- 
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mentation was progressing in a normal manner and at about the 
same rate in all of the solutions. 

Five hours after the eggs had been fertilized a few larvae in the 
fa per cent, solution were moving slowly: at this time there was 
no movement of any of the embryos in the other cultures or in the 
control lot. A weak solution of asparagine, therefore, slightly 
accelerates the development of the eggs of Chcetopterus, if it be 
that an earlier movement of the embryos is indicative of a more 
advanced stage of development. At the end of the sixth hour 
the effects ot the various solutions were very marked: the 
embryos in the y 1 ^ cent, solution were moving more actively 
than those in the control, and they seemed slightly better de- 
veloped; the larvae in the other solutions were moving slowly and 
their development lagged considerably behind that of the control 
larvae. After eight hours the larvae in the i per cent, solution 
were all at the bottom of the dish and evidently dying; no ab- 
normal types of larvae could be detected among the living forms, 
and none were found in preserved material that was examined 
later. The embryos in the other solutions were swimming at 
the surface after ten hours, but none of them lived more than 
twenty-four hours. 

Glycocoll . — In the strengths of solutions used (i, \ and fa 
per cent.), this substance did not appear to have any effects 
whatever on the eggs during the first twelve hours. On the 
second day the larvae began dying, and all of them had been killed 
by the end of the third day. 

Alanin . — Batches of ChcBtopterus eggs that had been artificially 
fertilized at 10.30 A.M. on the morning of August 8, 1909, were 
put into various solutions of alanin (1, i, y 1 ^ and fa per cent.) 
at 11 o’clock. The eggs in all of the cultures, including the 
control, began segmenting at the same time, and all of them 
developed at about the same rate during the next two hours. 
At 3.30 P.M. a number of swimming larvae were found in the fa 
and in the fa per cent, solutions, but at this time there was no 
movement of the larvae in any of the other cultures. At 4.30 
P.M. ciliated larvae were present in great numbers in all of the 
solutions; but the larvae in the 1 per cent, solution could move 
but slowly, and soon all of them sank to the bottom of the dish 
and disintegrated. 
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At 9 A.M. on the morning of August 9, the larvae in the % per 
cent, solution were dying, and a number of giant embryos had 
been formed by the fusion of two or more of the larvae: the 
embryos in the per cent, and in the ^ P er cent, solutions were 
apparently normal and were moving vigorously. All of the 
larvae were dead on the morning of August 10, although the tro- 
chophores in the control culture were still very active at this 
time. Preserved material showed no abnormalities worthy of 
note. 

As weak solutions of alanin did not seem to affect the early 
development of the eggs adversely a second series of experiments 
was made in which batches of Chcetopterus eggs were treated 
with 4 per cent, and with 2 per cent, solutions of alanin as soon a 
they had extruded their polar bodies. 

None of the eggs in the 4 per cent, solution segmented, and 
sections of preserved material showed that the eggs had been 
killed before the formation of the segmentation-spindle. When 
cleavage began in the eggs of the control lot at II A.M. a very 
few of the eggs in the 2 per cent, solution were dividing in an 
apparently normal manner; in the great majority of the eggs 
segmentation was very greatly delayed. After four hours only 
a few eggs had reached, the 4-cell stage, and in these eggs the 
cleavage planes had come in very irregularly. An hour later 
development had stopped entirely and the eggs were fusing into 
large, irregularly shaped masses. At this time the eggs were 
transferred into normal sea-water in the hope that segmentation 
might be resumed, but although the eggs seemed to live for some 
hours, none of them developed beyond the 4-cell stage. 

In microscopic preparations of eggs that had been in the 2 per 
cent, solution of alanin for two hours before fixation only a very 
few normal 2-cell stages were found, and the great majority of the 
eggs contained a multipolar spindle with the chromosomes very 
irregularly distributed along the spindle fibres. Material fixed 
after the solution had acted for five hours showed that only the 
first cleavage in any of the eggs was normal and that in most 
eggs development had stopped at this point. Where further 
division had occurred the blastomeres were very irregular in 
size and shape, and although hundreds of eggs were examined no 
stage later than an 8-cell stage could be found. 
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When multipolar spindles formed in the eggs as a result of 
their treatment with a 2 per cent, solution of alanin the eggs, 
apparently, were never able to divide, although there seemed to be 
a long period during which active and resting stages alternated 
with each other. In the resting stages the eggs contained either 
one large, oblong nucleus, or several smaller ones that were more 
or less irregular in outline. In the active periods one large, 
multipolar spindle with hundreds of chromosomes scattered 
about it would be formed, or several small spindles, all more or 
less irregular, would be scattered throughout the cell. In some 
of these eggs a number of accessory asters were formed, similar 
to those that Morgan (’96, ’99) found could be produced in the 
eggs of Arbacia and of various other forms by means of salt 
solutions. 

A 2 per cent, solution of alanin produced greater abnormalities 
in the eggs of Chcetopterus than did any of the other solutions of 
amido-acids that were used, but as these abnormalities were of 
the types that can be produced in different kinds of eggs by 
treatment with various salts they cannot be considered as the 
result of any specific action on the part of the alanin. 

Summary and Conclusions. 

With the exception of cystin, which is a sulphur-containing 
compound, all of the amido-acids used in these experiments are 
composed of the same chemical elements, yet they differ to a 
marked extent in their toxic action on developing eggs. Glu- 
tamic acid and aspartic acid are by far the most injurious, even 
a fa per cent, solution of these substances killing the eggs of both 
Arbacia and of Chcetopterus at a very early period. Glycocoll, 
on the other hand, permits of the development of normal plutei 
and trochophores, and only injures the embryos after twenty-four 
hours. The other amido-acids used retard development, to a 
greater or less extent, depending chiefly upon the strength of 
the solution employed. 

A brief summary of the effects of the various solutions of 
amido-acids on the development of the eggs of Arbacia and of 
Chcetopterus during the first twelve hours is given in the following 
table. Ultimately all of the solutions are toxic, even though 
they appear to favor development during an early period. 
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Table I. 



Amido- 

acid. 

Solution 

Used. 

Cystin 

Saturated 


fa per cent. 


T<r per cent. 

Leucin. 

| 

; l per cent 

i per cent. 

1 

1 percent. 

i 

2 per cent. 

Ty rosin. 

Saturated. 


Vo percent. 

Glutamic , 
acid. 

fa per cent. 

i per cent. 

1 1 per cent. 

^fa per cent. 

Aspartic 

acid. 

tV percent. 

1 

I i percent. 
1 percent. 


3*5 per cent. 
fa per cent. 

Aspara- 

gine. 

1 \ percent. 

i 


1 percent. 

Glycocoll. 

• 

1 

vfa percent.! 
x* 0 per cent. 
| per cent. 
1 per cent. 


fa per cent. 

Alanin. 

fa per cent. 

J per cent. 


Effects on Arbacta Eggs. [ Effects on Chcrioptcrus Eggs 


No - effects on segmentation ; 
later development retarded. 

Development very slightly re- 
tarded. 

Development very slightly re- 
tarded. 

.Development very slightly re- 
tarded. 

Development slightly retarded. 


Development retarded after i 
hour. 

Development greatly retarded; 
a few eggs abnormal. 

Development retarded. 

Development stopped in the 
gastrula stage. 

Eggs killed in early segmenta- 
tion. 

Eggs killed at once. 

Eggs killed at once. 

Development stopped in blas- 
tula stage; many eggs ab- 
normal. 

Development stopped at 2 -cell 
stage; many eggs abnormal. 

Eggs killed at once. 

Eggs killed at once. 

No effects noted. 

No effects notes. 

No effects noted. 


Development retarded after 2 
hours. 


No effects noted. 

No effects noted. 

No effects noted. 

No effects noted. 

No effects noted. 

No effects noted. 

Development somewhat re- 
tarded. 


Development accelerated. 


Development slightly ac- 
celerated. 

Development slightly ac- 
celerated. 


Development accelerated at 
first, but stopped in blas- 
tula stage. 

Development retarded after 
2 hours; embryos fused. 


Development retarded. 


Eggs lived for some time, 
but no segmentation. 
Eggs killed at once. 

Eggs killed at once. 

Eggs lived for some time, 
but no segmentation. 

Eggs killed at once. 

Eggs killed at once. 

Eggs killed at once. 


Development slightly ac- 
celerated. 

Segmentation not affected; 
later development re- 
tarded. 

Segmentation not affected; 
later development re- 
tarded . 

No effects noted. 

No effects noted. 

No effects noted. 

No effects noted. 

Development slightly ac- 
celerated. 

Development slightly ac- 
celerated. 

Segmentation not affected; 
older embryos fused. 
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Amido- 

add. 

Solution 

Used. 

Effects on A rbacia Eggs. 

Effects on Chtrtopterus Eggs. 


i per cent. 

Development greatly retarded. 

Development retarded after 
2 hours. 

Alanin. 

2 percent. 

Development greatly retarded. 

Development retarded; 
many eggs abnormal. 


4 per cent. 


Eggs killed at once. 


As shown in the above table, all of the stronger solutions of 
amido-acids that were used had much the same effect on both 
kinds of eggs experimented upon, but several of the weaker 
solutions had a much more pronounced action on the eggs of 
Chcetopterus than on those of Arbacia. Weak solutions of 
cystin, of leucin, of asparagine and of alanin accelerate the devel- 
opment of the eggs of Chcetopterus to a noticeable extent, yet 
none of these solutions have apparently any effect on the early 
development of the eggs of Arbacia . The eggs of Chcetopterus 
cannot segment at all when placed in a -fa P er cent, solution of 
aspartic acid, although this solution permits the eggs of Arbacia 
to develop to the blastula stage. 

The abnormalities produced in the eggs of Arbacia and of 
Chcetopterus by various solutions of amido-acids consist chiefly 
of polyspermy, irregularities in the mitotic figures, variable 
cleavage, and a fusion of several embryos into giant forms. No 
embryos were found that showed either the larval character- 
istics of other forms or marked peculiarities of structure that 
might be attributed to the specific action of the solution in 
which they were reared. 

The results obtained in these experiments indicate that solu- 
tions of amido-acids can alter the rate at which the eggs of 
Arbacia and of Chcetopterus develop, but that they have no 
influence whatever in determining the character of the develop- 
ment, when the eggs experimented upon are in a normal physio- 
logical condition. 
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[Reprinted from Biological Bulletin, Vol. XIII, No. i, June, 1907.] 


FOOD AS A FACTOR IN THE DETERMINATION OF 
SEX IN AMPHIBIANS. 

HELEN DEAN KING. 

Of the many theories that have been advanced regarding the 
causes that determine whether an animal shall become male or 
female, the one that nutrition is a dominant factor in sex deter- 
mination has received much credence. This theory has been 
supported by the results of numerous feeding experiments made 
by different investigators on various classes of animals, and also 
by statistics compiled by Diising ( 5) and others with reference to 
the proportion of males and females in the human race among 
the offspring of the rich and of the poor. 

Three investigators, Born, Yung and Cuenot, have sought by 
experimental means to ascertain the relation of nutrition to sex 
determination in amphibians. Born (1), who was the first inves- 
tigator in this field, found that in a total of 1,272 young Rana 
fusca that had been well nourished during the larval period, 1209 
or about 95 per cent, were females, while in 160 young frogs 
taken from their natural environment only 52 per cent, were 
females. From the results of these experiments Born con- 
cluded that an abundance of food leads to the development 
of a greater proportion of females. As several investigators 
have pointed out, Born’s results cannot be considered as fur- 
nishing conclusive evidence regarding the influence of nutrition 
on sex determination, for the methods employed in the experi- 
ments did not exclude the possibility that other factors than 
nutrition influenced the results. No account whatever was taken 
of the many hundreds of tadpoles that died during the course of 
the investigations and, as Born himself suggests, there is the pos- 
sibility that the mortality was greater among the males than 
among the females. In ascertaining the sex of the young frogs, 
Bom examined the gonads in toto and did not make use of sec- 
tions in any case : if the genital organs were large, the individual 
was classed as a female ; if the organs were small, the individual 


Digitized by t^.ooQLe 



41 


HELEN DEAN KING. 


was considered to be a male. Such a method of distinguishing 
the sexes in young frogs has been found to be unreliable, as at 
the time of metamorphosis the genital organs are not very well 
developed and it is often impossible to determine the sex of an 
individual with any degree of certainty without making a histo- 
logical examination of the gonads. 

The experiments of Yung (13) on Rana esculenta were made, 
primarily, to study the influence of various kinds of food on the 
development of the tadpoles, but the results seem to furnish posi- 
tive evidence that the sex of Rana is influenced by nutrition. 
Yung’s experiments were carried out with great care, the differ- 
ent lots of eggs being kept under similar external conditions and 
the food alone differing in the various cases. In considering his 
results, Yung also failed to take into account the tadpoles that died 
during the course of the experiments, and he ascertained the sex 
of only those individuals that underwent metamorphosis. In 
these experiments the number of females that developed varied 
from 70 per cent, to 75 per cent, in different cases, the greatest 
number being found among the lot of frogs that had received 
only animal food. In a later series of experiments Yung (14) 
found that in a lot of 100 young frogs that had been fed exclu- 
sively on beef, 78 per cent, were females ; the number of females 
was found to be increased to 81 per cent, in a second lot of 100 
tadpoles that had been fed on fish ; while in a third lot of icx) tad- 
poles that had received the flesh of frogs as food the number of 
females was 92 per cent. From an investigation of the sex of 
300 young Rana esculenta that had developed under natural con- 
ditions, Yung concluded that normally the number of females in 
this species of Rana is about 53 per cent. The results of Yung’s 
experiments, therefore, support Born’s conclusion that nutrition 
is a decisive factor in sex determination, an abundance of food 
leading to the development of a large proportion of females. . 

In a recent paper, Cuenot (3) gives the results of a series of 
feeding experiments which he made on the larvae of Rana tem- 
poraria in order to test the conclusion reached by Born and Yung. 
Cuenot’s results do not agree with those obtained by the earlier 
investigators, as in two lots of frogs that had been well nourished 
on animal food he found an excess of males ; while in another 
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lot of frogs that had been poorly nourished, there was a greater 
proportion of females. Cuenot states that, as the results of all of 
the feeding experiments that have been made on Rana are con- 
tradictory, it is evident that nutrition is not an absolutely dominat- 
ing factor in sex determination. He believes that there is a strong 
probability that sex is already determined in the egg at the time of 
deposition. 

As Cuenot used comparatively few individuals in his experi- 
ments and as his results do not accord with those obtained by 
Born and Yung, it is obvious that the question of the influence 
of nutrition in determining the sex of amphibians is still an open 
one. It is necessary, therefore, that many more experiments 
should be carried out along the lines suggested by the work of 
these investigators. 

At the anterior end of the genital organs in the tadpoles of the 
common American toad, Bufo lentiginosus , there is found a small 
rounded structure, the so-called “Bidder’s organ” (Fig. I, B ), 
which is composed apparently of undeveloped ova. The function 
of this organ is unknown, and whether it is a rudimentary ovary, 
as many investigators have maintained, has not as yet been satis- 
factorily determined. This body is found in young tadpoles 
some time before it is possible to distinguish sex ; and it is a 
permanent organ in the male, disappearing in the female near the 
end of the second year. If Bidder’s organ proves to be a rudi- 
mentary ovary, then the adult male toads are in a sense hermaph- 
rodites, although the same cannot be said of the adult female 
unless the male elements are present in some form that as yet 
has not been discovered. Because, therefore, of a possible condi- 
tion of hermaphroditism in the young tadpoles, which might 
seem to indicate that sex is not already determined at this stage 
of development, Bufo lentiginosus was chosen as more favorable 
material than any common species of Rana for an investigation 
of the influence of external factors on sex determination. As the 
tadpoles of Bufo are somewhat smaller than those of Rana and 
are easily reared under artificial conditions, they are well adapted 
for experiments that must, of necessity, extend over a consider- 
able period of time. 

The present paper records the results of the first of a series of 
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experiments which have been planned in the hope that it may be 
possible to show whether external factors such as temperature, 
nutrition, time of fertilization, etc., have any influence in determin- 
ing sex in Bufo. Recent investigations on other forms have 



Fig. i. Camera drawing of the genital organs of a male toad killed soon after 
matamorphosis. 7J testis; B, Bidder’s organ ; C, corpus adiposum ; Af, kidneys. 

Fig. 2 . Camera drawing of the genital organs of a female toad killed soon after 
metamorphosis. O, ovary. Other lettering as in Fig. I. 

seemed to indicate that sex is not influenced by external condi- 
tions, but that it is determined either before or during the fertiliza- 
tion of the egg. If this is indeed the case, experiments such as 
those that I have in mind will yield only negative results. But if it 
can be shown for even one form that external factors may be 
disregarded in considering the question of sex determination, 
something will have been gained towards an ultimate solution of 
the problem. 

Method. 

In endeavoring to ascertain the part played by any one factor 
in sex determination, it is, of course, absolutely necessary that 
the influence of all other factors shall be eliminated as far as pos- 
sible. In making the experiments recorded in the present paper. 
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very great care was taken that all of the individuals being ex- 
perimented upon were kept under similar external conditions, the 
only factor that was intentionally varied being that of nutrition 
whose action it was proposed to study. 

Two separate series of experiments were made which, for con- 
venience, will be called Series I., and Series II. The eggs used 
in Series I., were laid in the laboratory and normally fertilized cn 
the morning of April 13, 1906 ; while those used in Series II. 
were laid under similar conditions on April 16, 1906. Both lots 
of eggs were kept in large aquaria until the tadpoles hatched, and 
the experiments began in each case five days after the eggs were 
laid. 

Series I. was started with a total of 1,500 individuals ; but, as 
will be explained later, only 1,100 of these can be taken into 
account in considering the results. Eight hundred individuals were 
used in the second series of experiments, making a total of 1 ,900 
individuals upon which to base conclusions from the results ob- 
tained. Glass dishes of uniform size were used throughout the ex- 
periments, each dish containing, in the beginning, 100 tadpoles. 
The dishes were kept together so that the tadpoles were all under 
the same conditions of temperature. The water used was 44 tap ” 
water obtained from an artesian well and used for drinking pur- 
poses, so presumably it was free from unicellular organisms. 
Approximately the same quantity of water was kept in each dish. 

Out of the total of 1,900 individuals, only 364, or 19.15 per 
cent, died before it was possible to ascertain the sex. This com- 
paratively low rate of mortality during the early stages of ^develop- 
ment I attribute in great part to the fact that the water in the 
dishes was never allowed to become foul. When the tadpoles 
were very small the water was changed on alternate days and the 
dishes carefully cleaned. Later, as the tadpoles became larger, 
it was necessary to change the water every day. During some 
very warm weather in June when the tadpoles were beginning to 
undergo metamorphosis, the water was renewed as often as four 
or five times daily. 

In Bufo the genital organs are apparently much better devel- 
oped at the time of metamorphosis than they are in Rana , as in 
the majority of individuals it is possible to distinguish the males 
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from the females with absolute certainty without making a his- 
tological examination of the gonads. The method used to dis- 
tinguish the sexes in very young toads was as follows : the toad 
was placed in a flat, shallow dish containing a layer of paraffine 
which makes an excellent surface for cutting, and the body cavity 
was then opened under a dissecting lens ; the kidneys and the 
genital organs attached to them were removed by means of small, 
sharp knives, and subsequently, under a much stronger lens, the 
gonads were examined in toto. Figs. I and 2 show the differ- 
ences between the gonads of the two sexes in young toads that 
have recently completed metamorphosis. The testes (Fig. 1) are 
at this time about 2 mm. in length, they are relatively narrow, 
cylindrical bodies with a smooth outline ; the ovaries (Fig. 2), 
on the contrary, are usually broader than the testes and they 
have an irregular, jagged outline. Bidder’s organ (Figs. 1 and 
2, B ) is very prominent in all individuals at this time ; but as it 
is practically the same size in both sexes, it is of no aid, in dis- 
tinguishing males from females. 

In order to ascertain whether the external appearance of the 
genital organs (as shown in Figs. 1 and 2) is a positive indication 
of the sex of the individual, 50 young toads were selected of which 
25 had gonads approximately like those shown in Fig. 1, and 25 
had gonads similar to those in Fig. 2. The gonads were stained in 
toto with haematoxylin and sectioned. The histological examina- 
tion proved conclusively that the external appearance of the 
gonads can be relied on to indicate the difference in sex, as 
the sections showed unquestionably that there were 25 males in 
the one lot and 25 females in the other. At the time of meta- 
morphosis the genital organs are not equally well developed in 
all individual, however, and occasionally it is impossible to dis- 
tinguish the sex of a toad without making use of sections. 

All of the tadpoles that died during the course of the experi- 
ments were fixed in corrosive-acetic (5 per cent, acetic acid) if 
the hind legs were well developed and the sex ascertained, when 
possible, by means of sections. A histological examination of the 
gonads enables one to ascertain the sex of a tadpole some time 
before the front legs have appeared ; for, although the germ-cells 
may appear similar at this time, the ovary has a central cavity 
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which is not present in the testis. Altogether the gonads of about 
600 individuals were examined histologically and in only about 
50 cases was it impossible to distinguish one sex from the other. 

The methods used in carrying out the experiments and in 
ascertaining the sex of the individuals have been given in consid- 
erable detail in order to indicate the precautions that were taken 
to avoid the most probable sources of error that might have had 
an influence on the results. 

The Normal Proportion of the Sexes in Bufo lentiginosus. 

Cuenot has collected the statistics that have been published 
regarding the normal proportion of the sexes in various species 
of Rana , and his table shows that the number of females varies 
from 49 per cent, to 86.8 per cent, in different cases. Pfluger 
(9) and von Griesheim (7), who have most carefully investigated 
this subject, find that not only does the proportion of females 
vary somewhat in lots of frogs taken from different localities, but 
that there is also a marked difference in the proportion of females 
in lots of frogs taken from the same locality in different years. 
The normal proportion of the sexes in Rana seems, therefore, to 
be a variable one depending on the locality and on the year. 
In the great majority of cases there seems to be a greater num- 
ber of females than of males, not only among adult frogs but 
also among the young just after metamorphosis : the excess 
varies from 1.05 per cent, to 73 per cent, in different cases. 

I have not been able to find any statistics regarding the normal 
proportion of the sexes in other amphibians. Fischer-Sigwart 
(6) has noticed an excess of males among Hyla aborea during the 
breeding season, and Boulenger (2) has stated that there is an 
excess of males among the common European toads, Bufo vul- 
garis and Bufo clamata : neither investigator gives any statistics in 
support of his statement. For some years past I have been col- 
lecting adult toads during the breeding season and also during 
the summer months, and I have always found an excess of males 
in this species. Unfortunately I have kept no records regarding 
the proportion of the sexes among adults. 

In order to determine the relative proportion of the sexes in 
young toads that have recently completed their metamorphosis 
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500 individuals were collected one morning from the bank of the 
Susquehanna River at Owego, N. Y., during the latter part of 
June, 1904. The sex of each individual was ascertained by the 
method described above, it being necessary to make a histological 
examination of the gonads in only about twenty cases. The 
result of the investigation is summarized by hundreds in the fol- 
lowing table. 

Table I. 


Number of Individuals. 

Males. 

Females. 

IOO 

51 

49 

IOO 

44 

56 

IOO 

46 

54 

IOO 

48 

52 

IOO 

52 

48 

500 

241 

259 


Of the total of 500 individuals, 259 or 51.8 per cent, were 
females, and 241 or 48.2 per cent, were males. In Bufo the 
excess of females among the young seems to be somewhat less 
than that among young frogs, as according to an investigation 
made by von Griesheim of the sex of 440 young Rana fusca , 280 
or 63.7 per cent, were females. 

Although in the adult state the female toad is noticeably larger 
than the male, it is not possible to distinguish the sex of very 
young toads by their size alone. Two hundred individuals in this 
group were sorted according to size and it was found that, in many 
cases, the larger individuals were males. Any variation that may 
exist in the size of the individuals at the time of metamorphosis 
can probably be attributed to the difference in the amount of food 
that the tadpoles were able to obtain. 

Experiments. 

If food is a decisive factor in sex determination, it may be 
considered to act in one of two ways : either through the quantity 
of nourishment that it affords the organism ; or through its par- 
ticular chemical nature as a proteid, a hydrocarbon, etc. An 
abundant nutrition is held by many investigators to lead to the 
development of an excess of females ; while, on the other hand, 
scarcity of food, according to Schenk (10) and others, tends to 
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produce relatively more males. Yung maintains that nitroge- 
nous food is highly favorable to the development of females ; while 
Schultze (11) states that food of this character has no influence 
whatever in determining sex. 

It was intended, when the experiments began, to test both of 
the possibilities mentioned above. Among the 300 individuals of 
Series I., that were poorly nourished the mortality was so great 
during the first month of the experiment that it was necessary to 
abandon, for the time, the study of the possible influence of mal- 
nutrition on sex determination. The investigations were there- 
fore confined to an attempt to ascertain whether an abundant 
nutrition or the character of the food received by the larvae has 
any influence in determinating sex. The lot of 300 tadpoles 
which had received little food was therefore discarded, and all of 
the remaining individuals received an abundance of the particular 
kind of food whose influence was being investigated. 

In Series I., 300 tadpoles (Lot A) were fed exclusively on a 
meat diet consisting of small pieces of cooked lamb or beef ; 300 
tadpoles (Lot B) were nourished on a purely vegetable food con- 
sisting of a cooked wheat cereal ; a third set of 300 individuals 
(Lot C) received a mixed diet composed of water plants ( Nitella 
and Spirogyrd) and minute organisms on decayed leaves and bits 
of wood taken from a pond in which toads breed each spring. 
Lot C presumably received food similar in character to that 
normally obtained by amphibian larvae. 

According to experiments made by Danilewsky (4), lecithin has 
a marked influence on the development of frog embryos : tad- 
poles fed on it show a great increase in size and in weight over 
control tadpoles that have not received lecithin as food. Dani- 
lewsky’s experiments were not continued until the tadpoles 
underwent metamorphosis, and therefore his results do not indi- 
cate whether the increase in the size of the tadpoles was due to a 
more rapid development or whether it was the direct effect of the 
lecithin in producing abnormally large individuals. As it is con- 
ceivable that a more rapid development or an abnormal increase 
in size might possibly be factors that would influence the sex of 
an individual, a fourth set of 300 tadpoles (Lot D) in Series I. 
were fed exclusively on the yolk of hen’s egg which, according 
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to Gautier, contains from 8.43 per cent, to 10.72 per cent, of 
lecithin. No attempt was made to feed tadpoles on lecithin alone, 
because in experiments which I made several years ago the 
mortality among tadpoles that were given lecithin as food was 
exceedingly great ; the individuals dying evidently of starvation, 
as they were never seen to eat any of the lecithin. Owing to 
an accident, 100 tadpoles fed on the yolk of egg were killed the 
second week of the experiment. Lot D, therefore, consisted 
of only 200 individuals, making a total of 1,100 individuals that 
are to be taken into account in considering the results of the ex- 
periments in Series I. 

In order to make possible a comparison between the results 
obtained in Series I. and those from similar experiments on the 
eggs of a different female, a second series of experiments were 
made beginning three days later than those in Series I. These 
experiments were similar in all respects to those in the first series, 
except that no attempt was made to investigate the possible influ- 
ence of a scarcity of food in determing sex, and only 200 tadpoles 
were used in each lot. Series II. therefore consisted of 800 
individuals. 

Although detailed observations were made on each lot of tad- 
poles at intervals of about one week, only the record of Series I. 
for June 7, will be given. This record will serve to show the 
differences between the individuals of the various lots that can 
probably be ascribed to the varied character of the food that the 
tadpoles received. 

Lot A . — The tadpoles fed exclusively on meat were noticeably 
larger than those fed on any other kind of food. The largest 
individuals measured 27 mm. in length, thus exceeding, by 3-4 
mm., the length of a number of tadpoles of about the same 
age that had been reared under natural conditions ; the smallest 
individuals in this lot were 19 mm. long and were much larger 
than many of the tadpoles in the other lots. Many of the 
meat fed tadpoles had very well developed hind legs at this 
time, but the front legs had not appeared in any individual as 
yet. It was noticed that these tadpoles were very much blacker 
than any of the other tadpoles being experimented upon. A 
meat diet is evidently as favorable to the development of pigment 
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in the toad tadpole as it is in the Mexican axolotl according to 
the observations of Shufeldt (12). The mortality in this lot was 
very low, only 18 individuals having died at the time the record 
was made. 

Lot B. — The tadpoles fed on wheat were, as a whole, con- 
siderably smaller than those fed on meat, and they were more 
uniform in size, the greatest number having a length of about 22 
mm. By June 7, three individuals in this lot had begun their 
metamorphosis, and 38 individuals had died. 

Lot C. — The smallest and least developed tadpoles were those 
that were fed on a mixed diet. The greatest extremes in size 
were also found in this lot, the body length varying from 10-21 
mm. in different cases. In many individuals the hind legs were 
only just visible, and in the largest individuals they were poorly 
developed as compared with those of the individuals in other lots. 
The mortality in this lot was very great, 97 individuals having 
died by June 7. 

Lot D . — The great majority of the tadpoles fed on the yolk 
of egg were intermediate in size between those fed on meat and 
those that had received a purely vegetable diet, the average length 
of these tadpoles being 22-24 mm. The individuals in this lot 
had developed much more rapidly than those in any of the other 
lots. By the seventh of June, 8 individuals had begun meta- 
morphosis and many more were on the point of doing so. The 
mortality in this lot also was very great as 63 individuals had 
died. 

The differences between the individuals in the various lots of 
Series II. were of the same character and as strongly marked as 
were those in Series I. The death rate in Series II. was practi- 
cally the same as in Series I.; the fewest deaths occurring among 
the tadpoles that were fed on meat and on cereal; the greatest 
number among those that were nourished on a mixed diet and 
on the yolk of egg. 

Although the tadpoles began to undergo their metamorphosis 
during the first week in June, the experiments were continued 
until the middle of July as there was a considerable variation in 
the rate of development among the tadpoles of the same lot. On 
July 13, all of the tadpoles still living were fixed in corrosive- 
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acetic, as they had reached a stage of development when it would 
be possible to ascertain the sex of each individual by means of a 
histological examination of the gonads. 

In the corresponding lots of the two series of experiments 
there was a remarkable uniformity in the rate of development of 
the individuals. In both series the tadpoles fed on the yolk of 
egg underwent their metamorphosis much sooner than any of 
the others, the last one in Series II. completing its metamorpho- 
sis on July II. These tadpoles were only of average size, and 
none of them ever reached the length attained by many of the 
tadpoles that were fed on meat. Lecithin, therefore, may cause 
a more rapid development, but it does not produce individuals of 
unusual size. The tadpoles fed on meat grew enormously but 
this increase in size was not accompanied by a more rapid develop- 
ment ; on the contrary, the development of these tadpoles seemed 
to be greatly retarded and some 50 of them had not begun meta- 
morphosis by the middle of July. According to Yung, a purely 
vegetable diet is insufficient to transform a frog tadpole into a 
frog. Such a diet does not seem to be equally injurious to toad 
tadpoles, however, as comparatively few of the individuals that 
were fed entirely on wheat died during the course of the experi- 
ments, and only about 25 of them had not undergone meta- 
morphosis by July 13. 

As presumably the individuals that were fed on a mixed diet 
received the kind of food that is obtained by tadpoles living under 
natural conditions, it might be expected that these individuals 
would be larger and stronger than the others and that they 
would undergo metamorphosis more quickly than those receiving 
food that is only exceptionally, if ever, obtained by tadpoles in a 
state of nature. Much to my surprise the development of the 
individuals in Lot C lagged behind that of the tadpoles in the 
other lots, and large numbers of them died during the course of 
the experiments. On July 13, there were at least 100 tadpoles 
in Lot C that had not yet begun their metamorphosis. 

The sex of all of the individuals used in the experiments was 
ascertained when possible. The results for Series I. are summa- 
rized in the following table. 
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Table II. 


Character of Food 
Given. 

Total 

Number of 
Individuals 

Sex Not 
Ascertained. 

Males 

146 

119 

io 3 

55 

423 

Females. 

Per Cent, of 
Females. 

Total Sex 
Ascertained. 

Meat ( Lot A). 
Wheat ( Lot B). 
Mixed food (Lot C). 
Yolk of egg ( Lot D). 

Total. 

300 

1 300 

300 

200 

I IOO 

17 

38 

108 
_ 49 

212 

«37 

•43 

89 

96 

465 

48.40 

5458 

46.3s 

6357 

52-36 

283 

262 

I92 

_ f 5J 

888 

Table III. summarizes 

the results for Series II. 




Table 

hi. 




Character of Food 

1 Total 

Sex Not 



Per Cent, of 

1 _ 

Total Sex 

Given. 

| Number of 
'Individuals. 

Ascertained. 

Males. 

Females. 

Females. 

Ascertained. 

Meat (Lot A). 

1 200 

19 

72 

I09 

60.22 

l8l 

W T heat (Lot B). 

I 200 

16 

76 

I08 

58.69 

184 

Mixed food (Lot C). 

1 200 

43 

86 

71 

45.22 

1 57 

Yolk of egg (Lot D). 

200 

74 

56 

70 

55-55 

1126 

Total. 

i 800 

152 

290 

3S« 

5524 

648 


The first conclusion that can be drawn from the above tables is 
that abundant nutrition alone is not a decisive factor in sex deter- 
mination in Bufo % as in three cases (Series I., Lot A, Lot C ; 
Series II., Lot C) more males than females were produced although 
all of the tadpoles had been well supplied with food during the 
entire course of the experiments. 

As the tables show, the results of the two series of experiments 
in which the tadpoles were fed exclusively on meat are not in 
agreement. In Lot A of Series I., only 48.4 per cent, of the in- 
dividuals in which sex was ascertained were females ; while in the 
corresponding lot in Series II. there were many more females than 
males (20.44 per cent.). This result does not support Yung’s 
contention that an excess of nitrogenous food leads to the devel- 
opment of a greater proportion of females, and it seems to indicate 
that food of this character has no influence in determing sex in 
Bufo. Again more rapid growth, as shown in the case of the 
tadpoles that were fed on the yolk of egg, cannot be considered 
as favoring the development of one sex any more than the other ; 
for although in both series there was an excess of females in Lot D, 
this excess varies considerably in the two series (8.02 per cent.) 


Digitized by ^ooQle 



53 


HELEN DEAN KING. 


and is not sufficiently great in either case to warrant the conclu- 
sion that sex has been influenced by the rapid development due 
to the character of the food. The tables show also that a strictly 
vegetable diet has seemingly no influence on sex determination 
in Bufo. The slight excess of females in Lot B of each series is 
but little more than that which, according to my investigations, 
is the normal excess for the species, and it is therefore well within 
the limits of possible normal variation. In both series the devel- 
opment of the tadpoles that were nourished on a mixed diet (Lot 
C) was, for some unknown reason, considerably retarded and the 
individuals that completed metamorphosis were, as a rule, smaller 
than those of any of the other lots. Both series gave an excess 
of males in Lot C. This excess, however, is not great enough to 
justify the assumption that a slow development tends to produce 
a greater proportion of males, any more than the excess of females 
among the tadpoles fed on the yolk of egg warrants the conclu- 
sion that rapidity of growth favors the development of a greater 
proportion of females. 

The results of these experiments, therefore, seem to show that 
the character of the food received by the tadpoles is not in itself 
a decisive factor in determining sex in Bufo , although it has much 
to do with the rate of development and with the size of the 
individuals. 

The results of the experiments as given in Tables I. and II. 


are summarized 

in Table IV. 







Table 

IV. 




Character of Food 
Given. 

Total | 
Number of 
Individuals. 

Se* Not 
Ascertained. 

Males. 

Females. 

Per Cent, of J 
Females. | 

Total Sex 
Ascertained. 

Meat. 

1 500 1 

36 

j 218 1 

246 

| S 3 - 01 i 

464 

Wheat. 

500 1 

54 

■95 I 

25I 

56.27 

446 

Mixed food. 

1 500 

151 

189 

160 , 

45-84 1 

349 

Yolk of egg. 

i 4OO 

123 

hi 

166 ! 

59-92 | 

277 

Total. 1 

1900 , 

3 6 4 1 

7*3 ! 

823 

53-58 

*536 


Of the total of 1,536 individuals in which sex was ascertained, 
823 or 53.58 per cent, were females. The excess of females, 
therefore, is but 1.7 per cent, more than the normal excess as 
ascertained by the examination of the sex of 500 young toads 
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which had developed under natural conditions. The number of 
females is greatest in the lot of tadpoles fed on the yolk of egg, 
being 8. 1 per cent, above the normal ; and it is least in Lot C 
where it falls 5.9 per cent, below the normal. These figures are, 
however, well within the limits of possible normal variation for 
the frog as determined by the investigations of Pfliiger and Gries- 
heim, and presumably, therefore they are also within the limits 
of normal variation in Bufo. 

It has been suggested by Born, and emphasized by other 
investigators (Cuenot, Morgan (8) ) that the results obtained in 
feeding experiments may possibly be influenced by the mortality 
that occurs during the course of the experiments, individuals of 
one sex dying more readily than those of the other. During the 
course of my experiments from 30-150 individuals in each lot 
died before metamorphosis. These individuals, as I have stated, 
were preserved and the sex ascertained when possible by means 
of sections. From the records that were made it appears that 
tadpoles of one sex did not die in greater numbers than those of 
the other. In the entire number of individuals that were exam- 
ined the proportion of the sexes was practically the same ; in 
some lots the females died in greater numbers than the males, 
while in other lots the reverse was the case. These results con- 
firm Pfliiger's contention that there is no relation whatever be- 
tween mortality and sex among tadpoles reared under artificial 
conditions. 

Taking into consideration the entire number of individuals used 
in the experiments, it is found that in the total of 1,900 tadpoles, 
823 or 43.31 per cent, developed into females; 713 or 37.52 
per cent, became males ; leaving 364 or 19.15 per cent, in which 
the sex of the individuals was not ascertained. If we assume, 
for the moment, that all of the individuals belonging to this 19.1 5 
per cent, would have developed into females (although the inves- 
tigation of the sex of the individuals that died during the course 
of the experiments does not warrant such an assumption), the 
number of females would then be increased to 1,187 or 62.47 
per cent, of the whole number of individuals ; on the other hand, 
if all of the in dividuals in which the sex was not ascertained had 
developed into males, then the number of males would be 1,077 
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or 56.68 per cent of the whole number of individuals. On 
neither of these assumptions is the proportion of the sexes in the 
1,900 individuals changed sufficiently to justify the conclusion 
that the nutrition has any influence in the determination of sex 
in Bufo. The results of these experiments, taken as a whole or 
in part, seem to show that sex is not determined either by the 
quantity or by the quality of the food that the larvae receive. 
This conclusion agrees essentially with that reached by Cuenot 
from the results of his investigations on frogs, moths and other 
forms, and by Schultze from his experiments on mice. 
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[Keprinted from Biological Bulletin, Vol. IX., No. 2, July, 1905.] 


THE FORMATION OF THE FIRST POLAR SPINDLE 
IN THE EGG OF BUFO LENTIGINOSUS. 

HELEN DEAN KING. 

In a previous paper on “ The Maturation and Fertilization of 
the Egg of Bufo lentiginosus” (King, 10), the formation of the 
first polar spindle and the subsequent divisions of the chromo- 
somes were very incompletely described owing to a lack of ma- 
terial showing the details of these processes. During the spring 
of 1899, a large number of toads were collected soon after they 
had emerged from their hibernation, and from three of them suf- 
ficient material was obtained to give a more complete history of 
the late maturation processes. A short account of my study of 
this period in the development of the egg has already appeared 
(1 1) ; a detailed account is given in the present paper. 

I. Material and Methods. 

As soon as possible after the toads were captured they were 
killed by pithing and the body opened at once to ascertain the 
condition of the ovaries. In a great majority of cases the eggs 
were found free in the coelomic cavity and were, therefore, of no 
use for the purpose intended, as previous investigations had 
shown that eggs which have broken through the wall of the 
ovary invariably contain a fully formed maturation spindle lying 
at the periphery near the center of the black hemisphere. 

In several instances, all of the eggs were still attached to the 
walls of the ovaries when the toad was killed. In these cases 
some of the eggs were put at once into a dish of fresh spring 
water and the rest were left in the body of the female which was 
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kept in a moist chamber. A few eggs from each of these series 
were then fixed at intervals of ten minutes for a period of several 
hours. By opening an egg under a dissecting lens after it has 
been taken from the fixing solution and put into 50 per cent, 
alcohol, one can tell definitely whether the late maturation proc- 
esses have begun or not ; for, if the nuclear membrane in still 
intact, the nucleus retains its rounded form and can be readily 
separated from the rest of the egg contents. If one hour after 
the toad is killed, an examination of freshly fixed eggs shows that 
the nucleus is still intact, the entire set of eggs can be discarded, 
as it has been found that further development does not take place 
unless the germinal vesicle breaks down previous to this time, 
although the eggs, whether kept in water or in the body of the 
female, show no signs of disintegration for many hours. 

In one case the germinal vesicle was just breaking down when 
the eggs were first examined under the dissecting lens ; in an- 
other set of eggs the germinal vesicle could no longer be dis- 
sected out half an hour after the toad was killed. These two 
lots of eggs gave overlapping series of stages which corresponded 
in every respect. A third set of eggs showed no signs of the 
germinal vesicle when first examined, and when sectioned showed 
maturation processes identical with those taking place in eggs 
which had been developing in water for several* hours. 

In all these three sets of eggs, the first polar body was given 
off in the normal position and apparently in the normal manner 
before the eggs showed any signs of disintegration. No differ- 
ence was noticed in the development of eggs which had been 
put into water and those which had been left in the body of the 
toad. It does not seem, therefore, that such unusual conditions 
interfere at all with the late maturation processes provided these 
processes have started before the normal conditions are changed. 
No attempt was made to fertilize these eggs artificially, as it has 
never been found possible to fertilize either the eggs of Bufo or 
of Rana until they have received the thick jelly-like membrane 
which is secreted around them in the oviducts. 

In all cases the eggs were fixed in corrosive-acetic and stained 
with a combination stain of borax carmine and Lyon’s blue as 
described in a previous paper (King, 10). 
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II. The Disintegration of the Germinal Vesicle. 

I have already given in detail a description of the early stages 
in the breaking down of the germinal vesicle, and as this new 
material confirms but adds nothing to that description, it will 
be necessary to give only a brief account of the changes in the 
egg directly preceding the formation of the spindle. 

At the end of the hibernation period the germinal vesicle lies 
in the upper hemisphere of the egg. It is round in outline and 
contains a large number of nucleoli which usually form a ring 
enclosing the chromatin threads. A layer of granular sub- 
stance staining differently from the cytoplasm, surrounds the 
lower pole of the germinal vesicle and extends half way up each 
side. This substance appears homogeneous at first and then 
becomes a compact, fibrous band of uniform thickness. I have 
called this band a 11 line of radiation,” because, as soon as the 
nuclear membrane has disappeared in this region, the karyoplasm 
of the nucleus forms into coarse granules and a pronounced radi- 
ation extends up into the nuclear substance from the entire 
length of the fibrous band below. The karyoplasmic granules 
soon become smaller and more numerous and finally disappear 
entirely, while the radiation from below continues to increase and 
often extends nearly to the upper surface of the egg. The rays 
forming this radiation are very fine, and their outer ends run, 
apparently, into the coarse network which comes to fill the entire 
space formally occupied by the germinal vesicle. During these 
changes, the nucleoli have lost their power of staining and have 
begun to disintegrate. 

When the nuclear membrane breaks down, twenty-four chro- 
mosomes, arranged in pairs, are scattered throughout the upper 
part of the nuclear space. The ends of each pair then unite to 
form a closed ring near which a small aster usually appears. 
The aster has no centrosome and its rays rarely touch the chro- 
matin ring. At the next stage, when the radiation from below 
has reached its greatest extent, the asters and the chromatin 
rings entirely disappear. Later, when the radiation has begun 
to decrease, a large number of small round chromatin granules 
are found near or on the line of radiation which has been gradually 
shortening during this period. When the chromatin granules 
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first appear they stain very faintly, but they soon take the deep 
carmine stain characteristic of chromatin, and then fuse into sev- 
eral large, irregular clumps. 

III. The Formation of the First Polar Spindle. 

The line of radiation, shortly after the appearance of the chro- 
matin granules, is shown in Fig. I. It is a short, fibrous band 
with its qnds, usually, though not invariably, slightly curved 
in towards the center of the egg. This structure, which is to 
become the first polar spindle, lies some distance below the 
surface of the egg in a small accumulation of granular substance 
formed, possibly, from the karyoplasm of the germinal vesicle. 
Its longitudinal axis may be either parallel or oblique to the 
surface of the egg, the latter position being the more common. 
Running out in every direction from the compact meshwork of 
fibers are numerous fine, thread-like rays which are longest and 
most numerous at the middle of the forming spindle where they 
extend out between the yolk spherules and seem to be continu- 
ous with the cytoplasmic network of the egg. 

Collected near the middle of the spindle Is a mass of small 
chromatin granules which are of uniform size and stain but faintly 
in comparison with the chromosomes of an earlier and of a later 
period. There is a very large number of these granules and it 
is quite impossible to count them satisfactorily ; two other sec- 
tions of the same egg each show as many granules as are shown 
in Fig. i. 

The nucleoli from the germinal vesicle appear at this period as 
irregular, yellowish green, refractive bodies which are scattered 
throughout the upper hemisphere of the egg, often lying quite 
close to the spindle. They disappear at different times in differ- 
ent eggs. Sometimes they have all been absorbed before the 
chromosomes have divided ; sometimes they can still be found 
after the first polar body has been given off. I have never found 
any traces of them, however, after the spermatozoon has entered 
the egg. 

Not more than fifteen minutes after the stage of Fig. I, the 
chromatin granules begin to fuse into irregular-shaped clumps. 
The number and size of these clumps vary greatly in different 
eggs, in some cases there are but four or five of them, in others 
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at least twenty. Owing, probably, to their greater volume, these 
larger masses always stain much more intensely than do the 
small granules. Meanwhile the spindle has lost its uniform 
diameter and has become much thicker in the middle where the 
meshwork of fibers appears more distinct and more regular. The 
spindle soon becomes barrel-shaped and its fibers are quite clearly 
defined in the middle region but not at the poles (Fig. 2). The 
radiation from the spindle disappears entirely except at the poles 
where it forms distinct asters ; some of the rays are very long 
and cross each other at the equator of the spindle. During its 
migration towards the upper pole of the egg the spindle shortens 
somewhat and gradually becomes more slender and pointed, a 
phenomenon seen by Van Name (17) in the eggs of Planarians, 
by Korschelt (12) in Ophryotrocha , by Griffin (8) in Thalassema , 
and by Boveri (1) in Ascaris. 

At no stage in the formation of the spindle or in its later history 
can any centrosome be found in the polar asters. As the spindle 
becomes more pointed, the rays converge more sharply at the 
poles, but even when the radial systems are best developed (Figs. 
2, 3), the rays appear to run into each other in the center of each 
aster and there is not the slightest trace of any kind of a central 
body. Carnoy and Lebrun (2) in their study of the batrachian 
egg, Eismond (5) in his work on Siredon and Triton , Fick (6) in 
studying the maturation of the Axolotl egg, and Sobotta (15, 16) 
in working on the egg of the mouse and of Amphioxus , have all 
failed to find a centrosome in the asters of the polar spindles. If 
such a structure is normal in these eggs and also in the egg of 
Bnfo lentiginosus , methods of fixation and staining which have so 
clearly demonstrated its presence in other eggs are totally inad- 
equate in these cases to show the slightest trace of it. 

At the stage of Fig. 3, the small chromatin granules have 
entirely disappeared. Whether they have all gone into the 
large chromatin clumps or whether some have been absorbed 
by the cytoplasm cannot be determined. At this time the num- 
ber of large chromatin masses still varies slightly in different eggs; 
in some cases there are nine such clumps of chromatin, in others 
at least fifteen. These chromatin masses are, for the most part, 
scattered irregularly along the spindle fibers, occasionally, how- 
ever, one or more of them can be seen entirely outside of the 
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spindle (Fig. 4, CM). Isolated masses of chromatin are some- 
times found near the spindle at a much later period when the 
chromosomes are at the equator preparing to divide. They have 
entirely disappeared by the time the first polar body is given off, 
possibly serving as food for the cytoplasm as suggested by Gar- 
diner (7). 

During the next half-hour, the irregular chromatin masses 
change into chromosomes with a definite shape. The change 
does not take place at the same time in all of the chromatin 
clumps ; in fact, until the chromosomes are arranged at the equa- 
tor of the spindle ready to divide, they may be found in several 
different stages of development on the same spindle. Twelve 
chromosomes, one-half the number characteristic of the somatic 
cells of this species differentiate from the chromatin masses. The 
chromosomes are scattered over the entire spindle and are at first 
somewhat triangular in shape (Fig. 3), later they become rod- 
shaped structures which may lie with their long axis parallel, 
oblique, or even at right angles to the longitudinal axis of the 
spindle (Fig. 4). Sooner or later, however, the long axis of each 
chromosome comes to lie parallel with the spindle fibers and the 
chromosomes then have a rounded knob in the middle region 
and frequently also a smaller knob at each end (Figs. 4, 5). 
Later the middle knob becomes more prominent and the end 
knobs disappear (Fig. 5). 

At the stage of Figs. 2-3 the asters at the spindle poles reach 
their greatest development. There are many long rays from 
each aster which run nearly parallel with the spindle fibers and 
cross each other at the equator of the spindle, and fewer and 
much shorter rays going out in other directions. Soon after this 
time the asters begin to degenerate. The shorter rays disappear 
first and by the time the spindle has reached the periphery of the 
egg there is not a trace of the radiation left. The spindle fibers 
then converge at the poles which are surrounded by a small ac- 
cumulation of granular substance probably formed from the dis- 
integrated rays (Fig. 7). 

There is often a marked difference in the size of the chromo- 
somes on the same spindle even when they are of exactly the 
same shape. One or two of the chromosomes may extend over 
one-third the length of the spindle, the others being not more 
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than one-half as large (Fig. 5). This difference is not found at 
a later period ; for, when the chromosomes are arranged at the 
equator of the spindle ready to divide, they are considerably 
smaller than the chromosomes of an earlier period and are all, 
apparently, of the same size. 

While the chromosomes are being arranged at the equator of 
the spindle they undergo further changes in form. The polar 
arms shorten considerably, while the thick knob at the middle 
increases in size and gradually spreads out laterally, thus forming 
two wing-like projections on the chromosomes (Figs. 6, 7). In 
proportion as the lateral wings grow larger the polar arms of the 
chromosomes become shorter and thinner, so that there can be 
no question but that this lateral growth takes place at the ex- 
pense of the rest of the chromosome. In a dorsal view, the 
wings appear to be spread out flat on the spindle and the chro- 
mosome has the appearance of a cross in which the polar arms 
are somewhat longer than the equatorial arms (Fig. 6). In a 
lateral view, however, the wings are seen to be raised up from 
the spindle while the polar arms are extended along the spindle 
fibers. Carnoy and Lebrun (2) have applied the term “ oiselet” 
to this stage in the development of the chromosome. The typ- 
ical oiselet stage is followed by one in which the body of the 
“ bird ” gradually disappears while the wings constantly increase 
in size (Fig. 7). Very soon, all that is left of the original polar 
arms is a slight projection on each side of the angle formed by 
the meeting of the two wings (Fig. 8). In the succeeding stage 
every trace of the polar arms has disappeared and there are 
twelve broad V-shaped chromosomes arranged at the equatorial 
plate with the angle of the V turned in towards the center of the 
spindle (Fig. 9). Usually, before this last stage is reached, the 
spindle has come to lie close to the surface of the egg and nearly 
radial in position. This is by no means invariably the case, how- 
ever, as sometimes the spindle is still some distance below the 
surface of the egg when the chromosomes have divided in prepa- 
ration for the first maturation division. 

Fig. 6 shows part of a section of an egg fixed as soon as pos- 
sible after the toad was killed. The spindle lies at the periphery 
of the egg and the chromosomes, with well-developed lateral 
wings, are at the equator. That this egg and others from the 
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same series are normal cannot be questioned. They show phe- 
nomena exactly similar to those seen in eggs that have been 
developing in water for some three hours, and leave no doubt but 
that the earlier processes described above are normal in spite of 
the unusual conditions to which many of the eggs were subjected* 

Four V-shaped chromosomes in which all traces of the polar 
arms have disappeared are shown in Fig. 9. The arms of the 
V’s are broad flat plates which form a sharp acute angle with 
each other. There is, in this case, no sign of a splitting in any 
of the chromosomes which are all of the same size and shape 
and arranged at the equatorial plate with the angle of the V 
turned in towards the center of the spindle, a characteristic ar- 
rangement of the chromosomes at this period. An equatorial 
section of a spindle in the same stage as Fig. 9, is seen in Fig. 
10, where all twelve chromosomes are present. In this egg 
there are also found near the spindle a number of nucleoli which 
are in the process of disintegration. 

Usually the first indication of any division of the chromosomes 
is seen at the stage of Fig. 1 1 when the polar arms have entirely 
disappeared and the chromosomes are broad V-shaped structures. 
At this time the ends of the V’s often show a deep indentation 
(Fig. 1 1) indicating the longitudinal splitting of the chromosomes- 
Occasionally I have found the first division . coming in at an 
earlier period before the entire disappearance of the polar arms. 
Such a division is seen in the chromosome at the left in Fig. 7. 
In all such cases the splitting is confined entirely to the lateral 
wings and never extends into the polar arms. 

In the egg from which Fig. 12 was drawn, there are twenty- 
four V-shaped chromosomes which are similar to the twelve 
chromosomes in Fig. 10 in every respect except that they are 
much narrower. They have been produced, I believe, by a 
longitudinal division of the broad V-shaped chromosomes found 
at an earlier period. In some of the chromosomes shown in 
Fig. 12, the division for the second polar mitosis is seen. This 
second division of the chromosomes is not visible, at this stage, 
except in equatorial sections of the spindle. In longitudinal sec- 
tions of the spindle the chromosomes always appear to be ar- 
ranged in tetrad groups, one of which may be seen in Fig. 12. 
Such a group is, in reality, a pair of V-shaped chromosomes with 
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the angle of each V turned in towards the center of the spindle, 
the four ends of a pair of chromosomes projecting from the 
spindle give the appearance of a typical tetrad. The maturation 
divisions of the chromosomes are represented diagrammatically 
by text-figures 1-5. 

In my previous paper, three sections from one egg (Figs. 25, 
26, 27) were given in which the fully formed spindle lay some 
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Diagrams of the maturation divisions of the chromosomes in the egg of Bufo lenti- 
ginosus. 

distance below the surface of the egg and the chromosomes were 
in the form of closed rings which were split longitudinally. This 
egg was undoubtedly abnormal and led to the wrong inference 
that these chromatin rings were identical with those found in the 
germinal vesicle just previous to its disintegration. If the 
split V-shaped chromosomes of Fig. 1 1 were to be spread out 
in the form of a ring and the second maturation division to take 
place before the halves of the ring separated, then exactly the 
same effect would be produced as previously illustrated in Figs. 
25-27. I can only interpret the ring-shaped chromosomes in 
this abnormal egg — the one abnormality I have found in many 
hundreds of eggs sectioned — as due to a delay in the separation 
of the parts after the two divisions of the chromosomes had 
taken place. 

According to Carnoy and Lebrun (2, 3) who have published 
a series of memoirs dealing with the development of the germinal 
vesicle and the formation of the polar bodies in the eggs of vari- 
ous Batrachia, the chromatin filaments in the egg of Salamander, 
Alytes , Triton , Bufo and Rana arise from repeated resolutions of 
the nucleoli in the germinal vesicle. As my own work on Bufo 
began with the fully formed egg taken from the animal just before 
the beginning of the hibernation period, I have not yet seen this 
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resolution of the nucleoli into chromatin threads. In all the 
eggs that I have examined in which the germinal vesicle was in- 
tact, the chromatin was always in the form of distinct chromo- 
somes. These chromosomes had no connection whatever with 
the large round nucleoli which, with the combination stain used, 
always stain a deep blue while the chromatin invariably takes 
the carmine. I have frequently noticed, however, that many of 
the chromosomes end in small granules which take the same 
stain as the chromatin and that there are a number of simi- 
lar granules scattered throughout the nucleus. Recent work on 
various forms has shown that unquestionably the term nucleolus 
has been applied to many different kinds of structures in the 
germinal vesicle. As a general term used to cover any definite 
structures in the germinal vesicle other than chromosomes, linin 
and karyoplasm, it may, perhaps, be fitly applied both to the 
large rounded structures (which I consider the only true nucleoli 
in the germinal vesicle) and to the smaller granules which stain 
like chromatin and which I believe to be chromatin that is not 
used for the chromosomes. The structures which, in my 
opinion, are the true nucleoli have nothing to do with the forma- 
tion of the chromosomes for the first polar spindle, as they are 
never connected with the chromosomes in any way and can be 
traced step by step until they are absorbed by the cytoplasm of 
the egg after the spindle is completely formed. 

Many of Carnoy and Lebrun’s illustrations of the forma- 
tion of the first polar spindle in the egg of Bufo vulgaris are 
strikingly like my own, but we differ somewhat in our interpre- 
tation of them. According to their view, when the germinal 
vesicle in the egg of Bufo vulgaris migrates towards the upper 
pole, and before the nuclear membrane disappears, the paired 
chromatin filaments (which are exactly like those I find in Bufo 
lentiginosus during the same period) break up into small granules 
which cannot be distinguished from the granules of karyoplasm. 
All the nucleoli suffer the same fate as the chromosomes excepting 
about ten which remain to form the chromosomes of the first polar 
spindle. The karyoplasm meanwhile, forms a pronounced radia- 
tion from the “ plage fusoriale ” at the lower pole of the germinal 
vesicle. “ Les nucleoles predestines montent le long des fila- 
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merits ” and are carried to the “ plage fusoriale ” where they 
either become vacuolated in the center and form a ring, or else 
they fuse into one large mass and later regain their individuality. 
When the spindle is first formed, the chromosomes are very ir- 
regular in shape and there are distinct asters at the spindle poles 
which never contain a centrosome. 

In the egg of Bufo lentiginosus , I have traced the chromo- 
somes of the germinal vesicle up to the stage where the ends of a 
pair of chromosomes unite to form a closed ring. After this 
time, although I have had an abundance of material and have 
searched very carefully through every section of the germinal 
vesicle in a large number of eggs, I have been unable to find 
any trace of the chromatin. There is, I believe, no doubt but that 
the chromatin rings break up into minute granules which may, pos- 
sibly, be carried by the karyoplasmic radiation to the lower pole of 
the germinal vesicle where they later form the chromosomes of 
the first polar spindle. I have never seen anything in this egg, 
however, that would indicate that some of the nucleoli are destined 
to form the chromosomes of the first polar spindle. A large 
number of nucleoli are always present throughout the early stages 
of maturation and they all appear to be undergoing the same 
processes of disintegration. Camoy and Lebrun might consider 
the large irregular masses shown in Fig. 2 to be nucleoli in the 
general sense in which they seem to use the word, but these 
masses have been formed by the fusion of smaller chromatin 
granules (Fig. 1) and are in no way connected with the true 
nucleoli of the germinal vesicle. 

Carnoy and Lebrun have followed the details of the formation 
of the first polar spindle and the later changes of the chromo- 
somes much more carefully in the egg of Triton than in any of 
the other amphibian eggs they have studied. Their account of 
this form agrees substantially with that of Bufo vulgaris as re- 
gards the breaking down of the germinal vesicle, with the im- 
portant exception that in Triton , all of the nucleoli are absorbed 
by the cytoplasm, none of them are reserved, as in Bufo Vulgaris , 
to form the chromosomes of the first polar spindle. The chro- 
matin threads which were resolved from the nucleoli at an earlier 
period, break up into very small granules when the membrane 
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of the germinal vesicle disappears. The twelve chromosomes 
which later arise from a coalescence of the chromatin granules are 
at first very irregular in shape and they are scattered all along 
the spindle fibers ; subsequently they undergo a double longi- 
tudinal division in preparation for the giving off of the polar 
bodies. Any chromatin not used for the chromosomes is ab- 
sorbed by the cytoplasm. 

Although there are always twelve chromosomes on the first 
polar spindle in the egg of Triton , Carnoy and Lebrun find only 
8-IO chromosomes in the equatorial plate of the first polar 
spindle in the egg of Bufo vulgaris , and but 4-5 chromosomes 
at each pole just previous to the giving off of the first polar 
body. The failure of these investigators to find the definite 
number of chromosomes that must be present unless the egg of 
Bufo vulgaris is a marked exception to the rule that the number 
of chromosomes is constant for a given species, may possibly be 
accounted for on the supposition that some of the chromosomes 
were lost when the eggs were sectioned or that the sections of 
the egg were made so thick that some of the chromosomes were 
not visible. 

In a more recent paper, Lebrun (13) gives the results of a re- 
examination of the maturation processes in the egg of Triton . 
He states that the double longitudinal division of the chromo- 
somes does not take place in the complicated manner previously 
described by Carnoy and Lebrun, but according to the scheme 
represented by my text-figures 1-5. The late maturation changes 
in the egg of Triton are, therefore, strikingly similar to those I 
have found taking place in the egg of Bufo lentiginosus. Lebrun 
still believes that in the eggs of Rana temporaria and of Bufo 
vulgaris a certain number of the nucleoli are reserved to form the 
chromosomes of the first maturation spindle. A reexamination 
of the maturation stages in the eggs of these amphibians would 
probably show that in these forms also the chromosomes are de- 
rived from fused masses of chromatin granules and that they 
have no connection whatever with the true nucleoli. 

I have examined a large number of the eggs of Bufo at the 
stages of Figs. 3—4 and I can see no reason for believing with 
Carnoy and Lebrun that a division of the chromosomes 
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place at this time. During this period the chromosomes are ex- 
ceedingly varied in size and shape. If the chromosome is oblong, 
it may have either its long or its short axis parallel with the lon- 
gitudinal axis of the spindle ; if the chromosome is pyramidal in 
shape, either the base or the apex of the pyramid may rest on 
the spindle fibers. I regard all of the changes in the shape of 
the chromosomes up to the stage of Fig. 7 as due solely to a 
rearrangement of the chromatin material preparatory to the later 
divisions. The first indication of any division of the chromo- 
somes is the longitudinal splitting of the lateral wings which in 
some few cases can be found before the disappearance of the polar 
arms (Fig. 7). The apparent separation of the lateral wings at 
X t Fig. 1 1, I consider to be due to the fact that the angle of the 
V-shaped chromosome was cut off in sectioning. It very fre- 
quently happens that portions of one or of several chromosomes 
on a spindle are removed in this way. Sometimes, as in Fig. 4, 
the median knob of a chromosome is lacking ; sometimes, the 
lateral wings have been removed (Figs. 6, 7). In rare instances 
the cut off portion of the chromosome will be found in the next 
section of the egg ; but as the chromosomes are quite small a 
careful examination of the following sections often fails to dis- 
close the missing part. 

As found to be the case in many eggs besides that of Bufo y 
for example in Cerebratulus (Coe), Polychcerus caudatus (Gardiner), 
Thalasscma and Zirphcea (Griffin), and Triton (Carnoy and Le- 
brun), all the chromatin of the germinal vesicle does not go to 
form the chromosomes of the first polar spindle, some of it is 
thrown out into the cytoplasm where it degenerates and sooner 
or later completely disappears. Even in the segmentation stages 
of the egg of Ascaris , Boveri (1) found that some of the chrom- 
atin is thrown out of the nucleus and absorbed by the cytoplasm. 
In all these cases there is obviously a mass reduction of the 
chromatin in preparation for the succeeding division of the cell. 
It may be, as suggested by Gardiner, that “ there are two kinds 
of chromatin stuff, the one insoluble and bearing the heredity 
which is to be transmitted to the daughter cells, and the other food 
for the cytoplasm.” This theory would explain the facts as we 
now know them, but it cannot be proved until some stain can be 
found to differentiate the two sorts from each other. 
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Carnoy and Lebrun find a double division of the chromosomes 
in the egg of Triton , and they state that there is no reason why 
a longitudinal division of the chromosomes should not be a 
reduction division in the Weismann sense, in that it may separate 
the chromosome into two parts each containing different kinds 
of granules : it is certainly true if* we admit a difference in the 
properties of the elementary granules. As all of the chromatin 
granules do not go into the chromosomes of the first polar spin- 
dle, there is a process of selection in the formation of the chro- 
mosomes and their subsequent division would be a permanent 
source of variation for the descendents. 

The chromosomes of the first polar spindle in the egg of Bufo 
lentiginosus are at first exceedingly varied in shape ; they may 
be round, triangular, or oblong. At this time it is obvious that 
they have no definite longitudinal axis. At the stage of Fig. 5 the 
chromosomes have elongated and lie parallel with the longitudinal 
axis of the spindle. When the wings have formed, there is a 
stage when the arms of the chromosomes are all approximately 
of the same length (Fig. 6). Is there a definite longitudinal axis 
at this time ? If the part of the chromosome resting upon the 
spindle fibers is considered to be the longitudinal axis, then later 
this same axis is not only shorter than the transverse axis, but 
it practically disappears at the stage of Fig. 9. If shown Fig. 9 
without the preceding figures, no one, I am sure would call the 
thickness of the chromosome at the angle of the V the longi- 
tudinal axis of the chromosome, and the division indicated in 
Fig. 1 1 would unhesitatingly be called a longitudinal division. 
If one arbitrarily states that the polar arms of the chromosomes 
in Fig. 5 form the true longitudinal axis, not only in this par- 
ticular stage, but until division is completed, then the splitting 
seen in Fig. 1 1 is a transverse division, as is also the second 
division which takes place in the same direction. On the other 
hand, if the longer axis of the chromosome at the time when 
division occurs is considered to be the true longitudinal axis, 
then there is a double longitudinal division of the chromosomes 
and the egg of Bufo is thus brought into line with other amphib- 
ian eggs that have been studied. It would seem, as suggested 
by Sebaschnikoff (14), that the distinction between transverse 
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and longitudinal divisions of the chromosomes is not as impor- 
tant as many investigators have claimed : the division of the 
chromatin substance would appear to be the important thing, the 
manner of its achievement quite secondary, as Hertwig (9) has 
maintained. 

There is, however, the following possibility to be considered. 
When the germinal vesicle breaks down, all of the chromo- 
somes are arranged in pairs, in some cases the ends of a pair 
of chromosomes have united to form a closed ring. Very soon 
after this stage the chromosomes break up into granules and 
all traces of the chromatin substance is lost until innumer- 
able chromatin granules appear in connection with the first polar 
spindle. It is conceivable that all of the chromatin granules be- 
longing to a pair of chromosomes have remained united during 
this period of the apparent disintegration of the chromosomes, 
although I have not been able as yet to demonstrate such a 
union. If such is the case, then the chromosomes of the first 
polar spindle are bivalent structures, each being composed of the 
two chromosomes that had become paired at an earlier period of 
development. On this assumption it is probable that the knob- 
like thickening in the middle of the chromosomes, shown in Figs. 
4 and 5, is caused by the fusion of the ends of the two chro- 
mosomes. In text-figure 1, ABC and A CD would represent the 
two chromosomes united at AC. The subsequent changes in 
the shape of the chromosomes serve merely to again elongate 
the original chromosomes (Text-fig. 3) which are finally separated 
by the division through AC. The first maturation division, 
therefore, is a reduction division and the second division only is a 
longitudinal one. It certainly cannot be mere chance that at the 
time of the breaking down of the germinal vesicle, the chro- 
mosomes should invariably become arranged in pairs. In light 
of the most recent investigations on spermatogenesis and ovo- 
genesis it would seem as if the above explanation must be the 
true one for the maturation divisions in the egg of Bufo, although 
at present I am not able to prove it. I hope that the work I am 
doing on the spermatogenesis of this amphibian will throw some 
light on the maturation divisions in the egg. 
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Explanation of Plate. 

All figures were drawn with the aid of a camera lucida under a Zeiss Apoc. 2 
mm., Oc. 4. 

1. An early stage in the formation of the first polar spindle before the chromatin 
granules have fused into large masses. 

2. A stage about one-half hour later than Fig. 1. The spindle has become barrel- 
shaped and the chromatin granules are fusing into large masses to form the chro- 
mosomes. 

3. Twelve irregularly shaped chromosomes have differentiated from the chromatin 
masses and lie scattered along the spindle. 

4. Spindle parallel to the surface of the egg. The chromosomes have elongated 
and many of them show a median knob. C.M . , chromatin mass outside the spindle. 

5. About the same stage as Fig. 4. Chromosomes of very different sizes are found 
on the spindle. 

6. Typical “oiselet” stage. 

7. Chromosomes in various stages of development on the same spindle. In some 
of the chromosomes the splitting for the first maturation division can be seen while 
the polar arms are still present. 

8. Section showing the growth of the lateral arms of the chromosomes at the 
expense of the polar arms. 

9. The V-shaped chromosomes after the disappearance of the polar arms. 

10. An equatorial section of a spindle at the stage of Fig. 9. All twelve chro- 
mosomes are present. 

11. Equatorial section. The notched ends of some of the chromosomes indicate 
the direction of the first maturation division. 

12. Equatorial section. The first maturation division is completed and the second 
maturation division is indicated in some cases. 
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THE FORMATION OF THE NOTOCHORD IN THE 

AMPHIBIA. 


HELEN DEAN KING. 

A study of the mode of development of the notochord in the 
common toad, Bufo lentiginosus , and of the frog, Rana palus - 
tris, has brought to light certain points that have a bearing on 
the formation of the same structure in related groups. A vast 
amount of work has already been done along this line, yet a 
wide difference of opinion exists among embryologists regarding 
the origin of the notochord in the Amphibia. It is hoped that 
the results recorded in the present paper may help to clear up 
this question. 

The material used was fixed in corrosive -acetic (5 0 glacial 
acetic acid), and the sections were stained on the slide with a 
mixture of borax-carmine and Lyon’s blue as described in a pre- 
vious paper (King, 1 1). This stain gives particularly good results 
when it is used on freshly preserved material, as then all of the 
nuclei become dark red, the ectoderm and mesoderm appear dark 
blue, while the yolk cells take but a pale blue tint and, therefore, 
are easily distinguished from the other cells. This sharp defini- 
tion of the tissues was of great assistance, particularly in the study 
of the sections of Bufo. All of the drawings given in the present 
paper were outlined with the aid of a camera lucida. 

Bufo lentiginosus. 

When the circular blastopore is closing in, the mesoderm, 
already differentiated from the other tissues, forms a continuous 
sheet of small, angular, slightly pigmented cells across the dorsal 
wall of the archenteron. In the middle and also in the anterior 
part of the embryo, the mesoderm is entirely separated from the 
ectoderm above as well as from the endoderm beneath it. In 
the region just in front of the blastopore, the mesoderm is also 
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distinct from the ectoderm, but it is united for some distance with 
the cells forming the dorsal wall of the archenteron. At this stage 
of development there is first noticed, in the middle of the em- 
bryo, a pronounced thickening of the mid-dorsal mesoderm (Fig. 
I, N ), which extends only over a few sections at first and is con- 
tinuous with the lateral mesoderm on either side. When the 
blastopore is nearly closed, the thickened portion of the mesoderm 
is cut off from the lateral mesoderm to form the notochord, the 
line of separation coming in at about the points marked XX in 
Fig. i. As the embryo elongates, the forward extension of the 


i 




Fig. I. Part of a medium sagittal section through an egg of Bufo Irntix inosus 
in which the blastopore has begun to close. N t thickening of mid-dorsal mesoderm 
which is to be cut off at the points XX to form the notochord. 

Fig. 2. Part of transverse section through the posterior region of an embryo in 
which the medullary plate has appeared. 

notochord always takes place in this same way, i. e. t by the cut- 
ting off, laterally, of a portion of the mesodermal layer in the 
mid-dorsal region so that, from the beginning, the notochord is 
entirely separated from the ectoderm and also from the endoderm. 
These observations confirm the statement made in a previous 
paper (King, 12) that “ the anterior part of the notochord is cer- 
tainly mesodermal in origin.’ * 
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Transverse sections through an embryo in which the medul- 
lary plate has just appeared show that, in the anterior region, 
the notochord is composed of a rounded mass of cells cut off 
entirely from the surrounding tissues, and appearing much as in 
Fig. 7. In the posterior region, there is, as yet, no trace of a 
notochord, and an unbroken layer of cells extends across the 
dorsal surface of the archenteron, as here the mesoderm is still 
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posteriorly, the archenteron is surrounded on its ventral, lateral 
and lateral-dorsal surfaces by large, rounded, faintly staining 
yolk cells which contain very little, if any, pigment ; the mid- 
dorsal wall, on the contrary, is formed of a single layer of much 
smaller, rectangular cells which are very heavily pigmented on 
the side bordering the archenteron. This layer of cells, which 
I shall call “ the dorsal plate,” is broadest in the posterior part of 
the embryo, where, in transverse sections, it appears as a nearly 
straight line of cells covering about two-thirds of the mid-dorsal 
surface of the archenteron. More anteriorly the dorsal plate 
gradually becomes narrower, until it finally disappears completely 
in the middle of the embryo. The archenteron in front of this 
region is entirely surrounded by large yolk cells. 

The outer cells of the dorsal plate, instead of grading into the 
yolk cells as one might expect, are found to be directly continu- 
ous with the lower layer of mesoderm. There is, therefore, in 
this region an abrupt change from the small, deeply pigmented 
cells of the dorsal plate to the large yolk cells which form the 
lateral and ventral walls of the archenteron. At no stage in the 
development of the embryo have I ever found any transitional 
stages between these two different kinds of cells. The cells of 
the dorsal plate resemble, in all respects, the cells forming the 
outer surface of the embryo, being of the same size and shape 
and containing about the same amount of pigment. From the 
results which I obtained in my study of the gastrulation of the egg 
of this species (King, 12), it seems highly probable that the cells 
composing the dorsal plate were invaginated from the surface ot 
the egg during the formation of the blastopore, and, consequently, 
they have had a very different origin from the cells forming the 
lateral and ventral walls of the archenteron which are all derived 
from the yolk portion of the egg. 

When the medullary folds are closing, the mesoderm in the 
posterior region is still connected, for a short distance, with the 
cells forming the dorsal wall of the archenteron, and the noto- 
chord has not yet extended into this portion of the embryo. Fig. 
3 shows a portion of the section through the region where the 
notochord has just been cut off from the mesoderm. This sec- 
tion corresponds in its position in the embryo with the position 
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of the section of the earlier embryo shown in Fig. 2. The 
notochord is triangular in shape and is closely connected with the 
layer of cells forming the mid-dorsal wall of the archenteron. 
The portion of the dorsal plate directly under the notochord is 
cut off on either side from the rest of the layer, and to it one 
can, perhaps, fitly apply the term “ chorda-endoderm,” since it 
is destined to become a part of the notochord. At this stage of 
development, the dorsal plate is much narrower in the posterior 
region of the embryo than it was before the medullary folds 
formed (Fig. 2), and it is again found to be directly connected 
with the lower layer of mesoderm and not with the yolk cells 
forming the lateral walls of the archenteron. 

In Fig. 4, a portion of a section slightly anterior to that 
shown in Fig. 3, the chorda-endoderm is seen to be the only 
portion of the dorsal plate bordering the archenteron. The 
other cells of the dorsal plate have united with the mesoderm, 
and can only be distinguished from it on account of their posi- 
tion and the fact that they contain somewhat more pigment. 
The entire dorsal wall of the archenteron, excepting the part 
formed by the chorda-endoderm, is here composed of large, 
rounded yolk cells which are evidently growing up from both 
sides, and thus shutting off all of the cells of the dorsal plate 
from bordering the archenteric cavity. More anteriorly, as shown 
in Fig. 5, the yolk cells of the upper wall of the archenteron are 
still closer together in the middle lines. In this part of the em- 
bryo the cells of the chorda-endoderm no longer form a nearly 
straight line at the lower edge of the notochord, but they have 
become an integral part of it, and most of their pigment is 
collected in the form of a pronounced ring around the center 
of the notochord. 

Near the middle of the embryo (Fig. 6), the yolk cells have 
almost met under the notochord, which is smaller and more 
rounded than it is in the posterior part of the embryo. A section 
more anteriorly still (Fig. 7) shows that the yolk cells from the 
two sides of the archenteron have come together in the middle 
line under the notochord. As a result, the dorsal wall of the 
archenteron is composed entirely of a single layer of large yolk 
cells, and the cylindrical notochord above it is cut off entirely 
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from the surrounding tissues. In the head region, the relation of 
the tissues is practically the same as that shown in Fig. 7. 

When the medullary folds have closed, there is found in the 
posterior region of the embryo a much narrower dorsal plate 
than that shown in Fig. 3, as more of the cells have been covered 
over by the upward growth of the yolk cells from the sides of the 
archenteric cavity. Anteriorly the dorsal plate grows narrower 
very rapidly and some distance back of the middle of the embryo 
the yolk cells have already come to surround the entire archen- 
teron. By the time that the optic bulbs have formed, there is no 
longer any dorsal plate in the mid-dorsal wall of the archenteron 
and the notochord has no connection with any of the surround- 
ing tissues. 

These results show that the anterior part of the notochord in 
the embryo of Bufo lentiginosus is entirely mesodermal in origin; 
in the posterior part of the embryo, the greater part of the noto- 
chord is also derived from the mesoderm, but there is added to 
it a single layer of chorda-endoderm from the mid-dorsal wall of 
the archenteron. Back of the middle region of the embryo, the 
yolk cells grow up from the lateral walls of the archenteron and 
unite under the notochord, the cells of the dorsal plate thus cut 
off from bordering the archenteron, either unite with the noto- 
chord or are incorporated into the splanchnic mesoderm. 

Rana palustris. 

In the frog, Rana palustris , the notochord is formed at about 
the same stage of development that it is in Bufo, namely, near 
the end of gastrulation when the blastopore is closing in. As in 
the embryo of Bufo , the notochord first appears in the middle 
region as a rounded chord of cells cut off from the mid-dorsal 
mesoderm, and it is separated entirely from the ectoderm and also 
from the endoderm beneath which forms the dorsal wall of jhe 
archenteron. At this stage in the development of the egg, the 
mesoderm in front of the region where the notochord has been 
cut off forms a solid layer of cells extending across the dorsal 
wall of the archenteron and entirely separated from it ; the meso- 
derm back of the notochord also extends in an unbroken sheet 
across the mid-dorsal region, but in this part of the egg meso- 
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derm and endoderm are connected for a considerable distance on 
either side of the middle line. 

In the posterior part of the embryo the cells forming the dorsal 
wall of the archenteron do not differ in size, shape, or in power of 
staining from the mesodermal cells above them, and at the sides of 
the archenteron they grade into the larger yolk cells forming the 
ventral and lateral walls. There is a comparatively narrow re- 
gion in the mid-dorsal wall where the edges of the cells border- 
ing the archenteric cavity are quite heavily pigmented ; but the 
other cells of the dorsal wall contain about the same amount of 
pigment as do the mesoderm cells above them, and there is no 
definite dorsal plate of small, deeply pigmented, rectangular cells 
as in the toad embryo. I can find no evidence that any of the 
cells of the dorsal wall of the archenteron ever form a permanent 
union with the mesoderm. 

When the medullary folds are beginning to form, the noto- 
chord has extended into the posterior region of the embryo and 
appears as in Fig. 8. It is a more rounded structure than is the 
notochord of the toad embryo at a corresponding stage of de- 
velopment (Fig. 3), yet it, too, is closely connected with the en- 
dodermal layer of cells forming the mid-dorsal wall of the archen- 
teron. As shown in Fig. 8, the lateral mesoderm and the en- 
doderm of the archenteric wall are connected for some distance 
on either side of the notochord. The cells of both of these tis- 
sues have the same general characteristics, and there is no sharp 
distinction between them as in the embryo of Bufo . As all of 
the cells in the dorsal part of the embryo have the same power 
of staining, it is not easy to follow the changes that take place, 
even with an abundance of material for study. Not until I had 
made camera drawings of a complete series of sections through 
the posterior region of an unusually favorable embryo was I 
able to tell with certainty how the notochord is formed. Four 
of these drawings (from the same embryo as Fig. 8) are repro- 
duced in Figs. 9-12. For the sake of clearness only the dorsal 
wall of the archenteron and the notochord are shown. In all 
of the sections the mesoderm is entirely cut off from the noto- 
chord, and also from the endoderm beneath it. 

A short distance in front of the region shown in Fig. S, almost 
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all of the pigment in the mid-dorsal wall of the archenteron is 
found to be massed in the outer edges of a very few cells which 
are entirely cut off from the other cells of the archenteric wall 
and are attached to the lower surface of the notochord (Fig. 9). 
These few cells are undoubtedly comparable to the layer of 
chorda-endoderm found in the mid-dorsal wall of the archenteron 
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Figs. 8-12. Serial sections from the posterior to the middle region of an embryo 
of Rana palustris in which the medullary folds are closing. 

in the toad embryo, and, therefore, the same term may fitly be 
applied to them. More anteriorly (Fig. 10) there is a noticeable 
upward bend in the mid-dorsal wall of the archenteron, and it 
appears as if the notochord with the chorda-endoderm cells is 
either pulling in or being pushed in from bordering the archen- 
teric cavity, while the cells of the dorsal wall of the archenteron 
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on either side of the notochord are coming together under 
the notochord. A few sections beyond (Fig. u), the no- 
tochord is almost entirely cut off from the archenteron, as only 
one or two heavily pigmented cells lie between the two parts of 
the dorsal endoderm. In the middle region of the embryo (Fig. 
12), the endodermal cells have united under the notochord and 
the notochord is a rounded chord of cells entirely separated from 
the surrounding tissues. 

In Rana palustris , therefore, as well as in Bufo lentiginosus , 
the notochord is composed entirely of mesoderm in the anterior 
part of the embryo, and of mesoderm and chorda-endoderm in 
the posterior region. The early stages in the formation of the 
notochord are very similar in the two species ; but in Rana there 
is no upward growth of yolk cells as in Bufo to form the per- 
manent dorsal wall of the archenteron. 

Most of the embryologists who have studied the early de- 
velopment of the Urodela agree with Jordan (io) who de- 
scribes the formation of the notoqhord in the common newt 
as follows: “The cells of the median dorsal wall of the archen- 
teron assume a somewhat columnar form and are gradually 
pushed up and pinched off until they are completely separated 
from the endoderm and come to lie above it in the mid-line.” 
This view is held by Hertwig (7), Scott and Osborn (20), Field 
(5), Eycleshymer (4), Brachet (2), and Schwink (19). 

Lwoff (13) is, perhaps, the most prominent of those who op- 
pose this view. In his study of Axolotl , Lwoff finds that the 
mesoderm and the notochord are derived from cells invaginated 
from the surface of the egg at the blastopore rim, and he states : 
“ Bei den Urodelen bildet sich die dorsale Wand des Darmes, 
ebenso wie bei Petromyzon, verhaltnissmassig spat, namlich 
nachdem die Chorda sich von den seitlichen Mesodermplatten 
gesondert hat. Die Entodermzellen wachsen von rechts und 
links einander entgegen, vereinigen sich unter der Chorda und 
bilden aufsolche Weise die dorsale Wand des Darmes.” This 
description of the manner in which the permanent dorsal wall of 
the archenteron is formed in the Axolotl agrees remarkably well 
with the results of my investigations on Bufo . Lwoff s sum- 
mary of the results of his study of the Anura based on an 
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investigation of the early development of Rana y is in part as 
follows : “ Bei den Anuren liegen insofem anderen Verhaltnisse 
vor, also hier die Zellen, welche die dorsale Wand des Darmes 
bilden, von Anfang an vorhanden sind ale eine Zellenreihe und 
zwar als eine untere Zellenreihe jener Atilage, aus welcher die 
Chorda entsteht.” Lwoff and I are therefore in accord in 
believing that in Rana there is no upward growth of the yolk 
cells from the lateral walls of the archenteron to form the 
mid-dorsal wall. 

There is great diversity of opinion concerning the manner 
of the formation of the notochord in the Anura ; and, consider- 
ing the careful work that has been done in this line, it seems 
highly probable that the process is not as uniform in this group 
as it is in the Urodela. 

Goette (6), from his study of the development of Bombinator 
igiieus concludes that in this species a central chord of meso- 
blast in the mid-dorsal region of the embryo separates from the 
two lateral sheets to form the notochord. This view is supported 
by the later investigations of Schultze (18), and Morgan (15) 
who worked on different Species of Rana. 

In a paper on the development of the middle germ layer in 
Rana temporaria^ Hertwig (8) gives a number of figures of the 
posterior part of the embryo that bear a striking resemblance to 
those I have drawn of a similar region in the embryo of Bufo 
lentiginosus. Hertwig believes, however, that the entire noto- 
chord in the Anura as well as in the Urodela, is derived from a 
chorda-entoblast which at the sides of the archenteron pass into 
the endoderm cells forming the lateral walls. Field (5), from 
his investigations on Rana temporaria and on Bufo vulgaris , 
agrees with Hertwig regarding the manner of formation of the 
notochord, as do Robinson and Assheton (17) who worked on 
Rana temporaria . Balfour (1) also inclines to the same opinion, 
although he states that his evidence for so doing is not entirely 
conclusive. 

As a result of his study of the early development of Bombina - 
tor ignctiSy Perenyi (16) advances still another theory regarding 
the formation of the notochord. He states that, when the blas- 
topore closes in, “ die vertikal nach innen vordringenden Zellen 


Digitized by t^.ooQLe 



FORMATION OF NOTOCHORD IN AMPHIBIA. 297 

der Deckzellen, welche zwischen beiden Teilen des Mesoderms 
liegen einander beriihren und sich auf der dorsalen Seite von 
den aussersten Zellen abzuschnuren beginnen.” In this way a 
rod of cells is cut off from the inner layer of ectoderm to become 
the notochord. I know of no other investigator whose results 
agree with those of Perenyi. 

The results which Schwink (19) has obtained from his investi- 
gations on Rana temporaria and Bufo vulgaris are very similar 
indeed to those which I have recorded in the present paper for 
Rana palustris and Bufo lentiginosus. According to Schwink, the 
anterior portion of the notochord in Rana temporaria is entirely 
mesodermal in origin, while the posterior part has added to it a 
single layer of chorda-endoderm from the dorsal wall of the arch- 
enteron, the endoderm cells at the side of the notochord growing 
under and uniting in the mid-dorsal line. In Bufo vulgaris 
Schwink finds that the dorsal wall of the archenteron is composed of 
deeply pigmented cells which, at the sides of the archenteron, pass 
into the larger yolk cells, although he states that in some cases it 
appears 41 dassdie hier liegenden Entoblastzellen aus dem bisheri- 
gen Verband scheiden urn in den Mesotflast aufgenommen zu wer- 
den.” Concerning the formation of the dorsal wall of the arch- 
enteron in the posterior part of the embryo Schwink states that, 
44 hier von beiden Seiten Darmentoblastzellen gegen die Mittellinie 
streben und dass dadurch Zellen, die vorher den Darm dorsal 
auskleideten, mit zur Bildung der Chorda verbraucht werden.” 
This agrees exactly with what I have found to occur in the pos- 
terior region of the embryo of Bufo lentiginosus. 

Brauer’s (3) studies on the development of the Gymnophiona 
show that, in the posterior region or the. embryo, the upper wall 
of the archenteron is at first formed of cells which have been 
invaginated from the surface. These 44 animal cells ” are sharply 
marked off from the yolk or 44 vegetative cells ” which form the 
side walls of the archenteron. In the anterior part of the embryo, 
the archenteron is extended by its connection with the segmenta- 
tion cavity which is bounded entirely by yolk cells. At an early 
stage of development, therefore, the dorsal wall of the archenteron 
in the anterior region of the embryo is composed of vegetative 
cells, while in the posterior region it is formed of cells invaginated 
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from the surface as I have found to be the case in the embryo of 
Bufo lentiginosus . At a later stage of development, vegetative 
cells grow up from the sides of the archenteron, and gradually 
cover up the invaginated animal cells which now form an 
unbroken sheet of mesoderm across the dorsal wall of the arch- 
enteron. A portion of this mesoderm in the mid-dorsal line is 
subsequently cut off from the lateral mesoderm to form the 
notochord. 

In the posterior region of the embryo of Bufo lentiginosus a 
portion of the dorsal plate of cells which forms the mid-dorsal 
wall of the archenteron becomes cut off from the rest of the layer 
to be added to the notochord. If we attempt to trace the origin 
of this dorsal plate, we find that it is composed of cells invagi- 
nated from the surface of the egg before there was any division 
of the cells into ectoderm, mesoderm and endoderm. These 
invaginated cells form a part of the upper wall of the archenteron 
for a comparatively short period of development only, and those of 
the cells that are subsequently added to the splanchnic mesodeim 
soon lose their identity entirely, and cannot be distinguished 
in any way from the other tells of the mesoderm. The later his- 
tory of the chorda-endoderm cells I have not followed. 

As the endoderm cells that grow up from the sides of the 
archenteron and meet under the notochord are unquestionably 
derived from the yolk portion of the egg, the archenteron even- 
tually becomes lined throughout its whole extent with yolk cells, 
and, therefore, the result is the same as if the archenteron was 
originally formed by a splitting between yolk cells as is believed 
to be the case by Robinson and Assheton (17), Houssay (9) and 
Moquin-Tandon (14). 

According to Morgan, Wilson (21), Eycleshymer and others, 
there is an invagination of surface cells at the dorsal lip of the 
blastopore during the gastrulation of the frog’s egg, and these 
invaginated cells come to form a part, if not all, of the dorsal 
wall of the archenteron in the posterior region of the embryo. 
In subsequent development, as the studies of Schwink and of 
myself show, these invaginated cells are not covered over by an 
upward growth of yolk cells from the lateral walls of the archen- 
teron as is the case in the toad embryo. A few of these cells 
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are added to the notochord, the rest, as far as I have been able 
to determine, remain as part of the permanent dorsal wall of the 
archenteron. I have never seen a section of an embryo that 
would warrant my stating that some of these cells become added 
to the mesoderm, although in the posterior region of the embryo 
endoderm and mesoderm are connected for a much longer time 
than they are in the embryo of Bufo . 
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THE GROWTH AND VARIABILITY IN THE BODY 
WEIGHT OF THE NORWAY RAT 
(MUS NORVEGICUS) 

HELEN DEAN KING 
The Wistar Institute of Anatomy and Biology 
THREE CHARTS 

The investigations of Donaldson (’06, ’09, T5), Slonaker (T2), 
Jackson (T3) and others have given a wealth of data regarding 
normal body growth in the domesticated albino rat. Information 
regarding the Norway rat, the wild proto type from which the 
Albinos were derived (Hatai, ’07), is very meager, however, 
resting chiefly on the work of Miller (’ll) and on scattered data 
noted by various investigators who w^re studying this species 
with the idea of exterminating it as a destructive pest -and a 
menace to the health of mankind. 

The present investigation was undertaken primarily for the 
purpose of obtaining norms for the Norway rat with which to 
compare the data for various series of hybrid and ‘extracted’ 
strains of rats. The growth and variability in the body weight 
of the first generation of Norways, born and reared in captivity, 
are described herein: subsequent papers will deal with litter 
production, the sex ratio, and the effects of domestication in 
this species. 

MATERIAL AND METHOD 

Wild Norway rats, trapped in various, localities near Phila- 
delphia, were brought into the laboratory in February and in 
March, 1919. These animals, comprising sixteen males and 
twenty females, were all at least three months of age when 
captured. In spite of confinement and changed conditions of 
environment and of nutrition, they remained in good health for 
many months, though only six of the females were known to 
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bear young. After twenty-one litters, containing a total of 139 
young, were obtained, the parents were killed and dissected by 
Doctor Donaldson, and they were found to agree, in all essential 
respects, with the many wild Norways which he and Doctor Ilatai 
had examined at various times during the past ten years. 

Norway rats breed at all seasons of the year, as Lantz (’10) 
and Miller (’ll) have noted, but the period of most pronounced 
sexual activity seems to be in the early spring. In captivity 
Norway females often devour their young at or soon after birth 
(Miller) — a tendency which these Norways exhibited in a marked 
degree. After a number of litters had been destroyed, it became 
apparent that rats could not be obtained for this study if the 
Norway females were depended upon to rear their young. The 
difficulty was overcome by removing the young Norways from 
the nest as soon as they were discovered and placing them with a 
lactating albino female. Norway young evidently have a very 
different odor from that of albino young, since in some cases the 
albino female objected 1x> rearing the Norways and either de- 
stroyed or neglected them. If, however, the albino female was 
removed from the cage when the transfer of the young was made, 
and not replaced under half an hour, she usually accepted the 
foundlings and reared them as her own. A total of 110 offspring 
of wild Norways were reared, and many of them were kept until 
they were two years old. These animals, comprising 51 males 
and 59 females, form the material for the present study. 

As it would seem to be an advantage in working with these 
Norways to have them tame, I made it a point to handle the 
young rats every day while they were with their foster mother. 
They submitted to this handling up to the time they w'ere about 
thirty days of age, though they were very restless w r hen held 
and usually tried to escape. After weaning they began to show 
increased resentment at handling and attempted to bite. The 
idea of taming them Was abandoned, and subsequently they were 
slightly stupefied with ether when weighings were made. 

The method used in obtaining the growth data for these 
Norways was the same as that employed in a former study of the 
growth and variability in the body w r eight of albino rats (King, 
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’15 a). The individuals were weighed separately at birth, if 
they were obtained before they had suckled. At thirteen and at 
thirty days of age the males and females of a litter were weighed 
collectively and the average weight for the two sexes recorded. 
After this time the rats were weighed separately, at intervals of 
thirty days, until they were two years old, when they were killed 
and the weight and condition of various organs determined. 

The Norways lived under the same conditions of environment 
and of nutrition as the albino rats in our colony. It was neces- 
sary, however, to protect the cages with wire netting at all 
vulnerable points, as the rats would gnaw their way through a 
thick plank in a few hours. Although born in captivity, these 
Norways retained their inherent fear of man for many months. 
When the cage was approached the rats promptly went in hiding 
under the nesting material, and, if disturbed or the bedding 
removed, fear made them both reckless and savage, and they 
sprang at one’s face if the cage door was opened. If they 
escaped from the cage they fought viciously when captured, and 
when returned to the cage they ran wildly about for some time. 
After several months they became more reconciled to captivity, 
and for the most part remained quietly in the corner of the cage 
when they were fed or the cage was cleaned. 

GROWTH IN BODY WEIGHT OF THE NORWAY RAT 

According to Miller (’ll), Norway young weigh, on the average, 
6.4 grams at birth, the males being slightly heavier than the 
females. In the four litters of this series that were obtained at 
the time of parturition the average weight of the twelve males 
was 5.34 grams; that of the fourteen females was 5.09 grams. 
The discrepancy between Miller’s finding and mine may possibly 
be due to the fact that the Norways weighed by Miller had 
suckled before the weighings were made while those of my series 
were weighed immediately after birth. 

Norway young seem to have a somewhat heavier birth weight 
than albino young, as a large number of determinations for Al- 
binos show that the average birth weight of the males is 4.69 
grams and that of the females is 4.5 grams (King, ’15). It is 
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possible that the heavier birth weight of the Norway rats is due 
to the fact that in this form the gestation period is from 23 £ to 
25$ days (Miller), while in the albino strain the normal gestation 
is about 22$ days. Growth of the albino fetus is very rapid during 
the later days of gestation, as Stotsenburg (’15) has shown, and 
if the Norway fetus grows at the same rate as the albino fetus 
the prolongation of the gestation period for even a single day 
might be expected to increase materially the birth weight of the 
young. 

Although Norway females weigh less than the males at birth, 
they grow more actively during early life, as at thirteen and at 
thirty days of age their average body weight is greater than that 
of the males (table 1). After puberty (about ninety days) the 
males, as a rule, are considerably heavier than the females at all 
age periods for which records were taken. Albino rats show a 
weight relationship between the sexes much like that existing 
in the Norway strain (Donaldson, ’06; Jackson, ’13; King, ’15 a). 

Chart 1 shows graphs for the weight increase with age of the 
fifty-one males and fifty-nine females comprised in this series of 
Norways. The graph for the females runs slightly higher than 
that for the males until the sixty-day period when the graphs 
cross; beyond this point the graphs show increasing divergence 
with advancing age. Both graphs mount steadily upward until 
the 700-day period, thus indicating that the Norway rat tends 
to increase in body weight throughout adult life. There is a 
slight drop in the graphs at the end of the weighing period, but 
this can doubtless be attributed to the fact that many of the 
animals were suffering from so-called ‘pneumonia,’ as autopsies 
showed. During early life Norway rats are somewhat more 
resistent to ‘pneumonia’ than are albino rats, but they seem to 
lose this resistance after they are about eighteen months of age, 
and under laboratory conditions few of them can be kept free 
of this scourge in later life. 

In order to compare the growth in body Weight of Norway rats 
with that of Albinos, charts 2 and 3 have been constructed from 
the data given in table 1 of the present paper and from the data 
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in table 3 of a previous paper which show the growth of a series 
of stock albino rats comprising fifty males and sixty-seven females 
(King, ’15 a). Both Norways and Albinos lived under similar 
housing conditions. The Albinos, however, were fed on a ‘scrap ’ 
diet consisting of carefully sorted table refuse, while the Norways 
received the mixed ration (chiefly cooked cereals, meat, and fresh 
vegetables) which for sanitary reasons has replaced the former 
diet used in our colony. The two series contain approximately 
the same number of individuals and are probably fairly repre- 
sentative of the different stocks when reared under seemingly 
favorable conditions of environment and of nutrition. 

Growth data collected by different investigators for various 
series of albino rats (Donaldson, ’06; Slonaker, ’12; Ferry, ’13; 
Jackson, ’13, et al.) all show that albino males grow very rapidly 
during the first 120 days of postnatal life, and that there is sub- 
sequently only a relatively slight increase in body weight. Males 
of the first generation of Norways born in captivity showed no 
marked acceleration in growth at any age period, as is indicated 
by the form of the graph in chart 2. Increase in body weight 
was steady and fairly uniform until the individuals were approach- 
ing senescence. In chart 2 the graph for the Norways crosses 
that for the Albinos at the 485-day period. No comparison can 
be made between the weight increase in the two forms at later 
age periods, as weight records for albino males have not been 
made, as yet, for any number of older animals. 

Relative growth changes in body weight of Norway and albino 
females are similar to those for the males, as is shown by a com- 
parison of the graphs in chart 3 with those in chart 2. In the 
case of the females, however, the graphs cross at an earlier age 
period (340 days), and subsequently the Norway females are 
heavier than the albino females at all age periods for which 
records are available (chart 3). Many of the Norway females 
are very heavy in later life, often weighing close to 400 grams — 
a weight that is rarely attained by any albino females. 

The only observations, previously recorded, regarding the 
growth in body weight of Norways rats are those of Miller (’ll) 
for a litter of eleven Norway young born in captivity. The 
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average body weight of these individuals, at thirteen days of 
age, sexes not separated, was 15.1 grams; at twenty-five days of 
age their average weight was 25.9 grams. These data are in 
accord with those given in the present paper. 

TABLE 1 


Data for eighteen litters of Norway rats , shoiving the increase in the weight of the body 

with age 



MALES 

FEMALES 

AGE 

IN 

DATS 

Body weight ill grams 

No. 

indi- 

Body weight in grams 

No. 

indi- 









Average 

Lowest 

Highest 

viduals 

Average 

Low'est 

Highest 

viduals 

13 

15.4 

12 

21 

51 

16.3 

12 

21 

59 

30 

33.4 

26 

41 

51 

37.0 

27 

45 

59 

60 

81.9 

49 

144 

51 

75.2 

47 

110 

59 

90 

115.9 

68 

201 

51 

100.5 

70 

152 

59 

120 

148.6 

70 

245 

51 

122.6 

77 

184 

59 

151 

176.1 

87 

284 

51 

142.0 

98 

201 

56 

182 

195.9 

110 

300 

51 

153.5 

111 

256 

54 

212 

218.4 

128 

330 

51 

172.1 

117 

272 

50 

243 

235.4 

140 

374 

50 

189.3 

133 

278 

52 

273 

253.5 

154 

379 

50 

204.2 

131 

327 

51 

304 

265.5 

156 

380 

50 

209.8 

123 

301 

47 

334 

276.7 

170 

395 

50 

221.5 

128 

345 

49 

365 

287.3 

184 

428 

48 

232.8 

152 

344 

47 

395 

297.4 

185 

442 

48 

242.2 

135 

383 

47 

425 

312.2 

200 

457 

47 

247.5 

156 

380 

43 

455 

322.3 

188 

471 

47 

260.5 

172 

359 

44 

486 

332.0 

226 

459 

46 

257.9 

182 

382 

43 

516 

335.0 

226 

476 

43 

264.1 

163 

373 

37 

547 

345.6 

231 

486 

41 

261.5 

173 

375 

36 

578 

358.0 

233 

516 

39 

266.5 

168 

360 

34 

60S 

361.8 

231 

518 

38 

271.9 

184 

339 

31 

639 

369.9 

236 

540 

37 

279.7 

190 

367 

30 

670 

374.5 

240 

546 

37 

284.4 

210 

355 

26 

700 

364.2 

243 

518 

34 

283.4 

200 

376 

25 

730 

362.1 

231 

505 

27 

278.9 

197 

341 

19 


It may be maintained that the slow growth of these Norway s 
during the adolescent period is not normal for the species in its 
wild habitat, and that the form of the graphs shown in chart 1 
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is the result of the conditions under which the animals lived. 
The rearing of the young Norway by albino foster mothers was 
not a factor that tended to retard early growth, as is shown by the 
following test that was made to determine this point. A litter 
of eight young born to a Norway female after she had been several 
months in the colony was separated into two groups of four each; 
one group was reared by the mother, the other by an albino fe- 
male. At the thirteen-day period the young reared by the albino 
female weighed, on the average, 3 grams more than the young 
suckled by their mother. At thirty days of age there was an 
average difference of 4 grams in favor of the young reared by the 
albino female. During later life the individuals of the two groups 
showed no pronounced difference in body weight. Additional 
evidence that the suckling of the young by albino females did 
not retard the growth of these Norways is indicated by the fact 
that individuals in the second and third generations of Norways, 
that were all reared by their mothers, did not show the acceler- 
ation in growth during early life that is characteristic for the 
Albinos. 

A second assumption that might be advanced to account for 
the slow growth of the young Norways is that the constant fear 
exhibited by the animals tended to inhibit their growth processes. 
Against such an assumption is the fact that some of the young 
Norways that were tamed by an assistant in the laboratory so 
that they showed no evidence of fear at handling did not grow at 
a more rapid rate than did the untamed animals. 

It does not seem probable that the inherent growth tendency 
in the Norway rat would be greatly restricted by the environ- 
mental and nutritive conditions under which these rats lived, 
since these conditions would seem to be more favorable for growth 
than those under which the animals live in a wild state. The 
cages in which the Norways were confined were very large; food 
was varied and abundant, and the rats were not subjected to 
extremes of temperature nor harassed by enemies. These factors, 
it would seem, should serve to counterbalance any detrimental 
action of captivity on growth. 
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If the graphs in chart 2 and in chart 3 are fairly representative 
of the normal growth in body weight of Norway and of albino 
rats, then it is evident that growth energy is expended very 
gradually by the Norways and very rapidly by the Albinos. As 
rapid growth during early life seems to be characteristic of most 
domestic animals, it would appear that the acceleration in the 
growth of the Albinos is one of the effects of domestication on 
this form and that the Norways will tend to show the same 
acceleration in growth when they too become domesticated. In 
favor of this assumption is the fact that individuals in the later 
generations of these Norways grew somewhat more rapidly during 
early postnatal life than did those of the first generation. Graphs 
as plotted for animals in the second to the fifth generation are 
progressively more like those for the domesticated Albinos, and 
if the change in the form of the graphs continues, in a few more 
generations the Norways will show as great an acceleration of 
growth during adolescence as do the Albinos. 

Not only in body growth, but also in other respects the Nor- 
ways exhibit a slower development than do the Albinos. As 
Miller has stated, and as my observations show, Norway rats do 
not open their eyes before the sixteenth day of postnatal life 
(usually not until the beginning of the seventeenth day), while 
the eyes of albino rats are open when the animals are fifteen days 
old; in both forms the females tend to open their eyes a few hours 
before the males. Ping (’21) has found a relatively smaller 
number of large cells in the superior cervical sympathetic ganglion 
of the Norway rat at one day of age as compared with the number 
of such cells found in albino rats of like age— a fact which he 
interprets as indicating a retardation in the early development 
of these cells in the Norways. 

VARIABILITY IN THE BODY WEIGHT OF NORWAY RATS 

It is generally assumed that animals in a wild state are much 
more variable in many characters than are those under domesti- 
cation, the variability being due, in great part, to environmental 
factors. Wild animals living in captivity under fairly uniform 
conditions of housing, of temperature and of nutrition might 
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therefore be assumed to lose much of the variability due to en- • 
vironmental causes and to exhibit chiefly that inherent in the 
species. 

TABLE 2 

Showing the coefficients of variation with their probable error for the body weights at 
different ages of a series of Norway rats (61 mates and 69 females ), and of a 
series of stock albino rats (60 males and 67 females ) 


AGE IN 

NOKWAl 

r SERIES 

ALBINO SERIES 

DATS 

Males 

Females 

Males 

Females 

13 

12.2db0.82 

14.6±0.90 

11.8±0.79 

11.4±0.76 

30 

13.0±0.86 

17.3dtl.07 

1 10.2±0.68 

11.0±0.74 

60 

24.ldbl.60 

19.8±1.22 

17.0±1.14 

15.7±1.05 

90 

26.2±1.74 

16.9±1.04 

14.8±0.99 

12.5±0.95 

120 

28.2±1 .88 

16.0±0/99 

13.4±0.90 

10.3±0.75 

151 

24.2dbl.61 

16.6±1.03 

13.3±0.89 

10.4±0.73 

182 

23.4dbl.55 

17.8=fcl.l3 

14.2±1.22 

12.3±0.90 

212 

21.8dbl.45 

17.9±1.20 

14.0i0.96 

12.4±0.91 

243 

23.7±1.60 

18.2zfcl.26 

13.9±0.99 

12.6±0.91 

273 

22.4dbl .50 

19.lzfcl.27 

13.4±0.99 

11.5±0.89 

304 

21.5dbl.45 

19.9±1.38 

14. 0±1. 11 

10.3±0.79 

334 

19.8dbl.33 

20.6±1.40 

13.7±1.13 

10.8±0.87 

365 

19.5±1.33 

20.4±1.41 

13.0±1.16 

10.7±0.91 

395 

19.5±1.34 

22.3±1.54 

12.6±1 .22 

11.5±0.98 

425 

17.6=fcl.22 

21.1 ±1.47 

13.4±1.32 

10.9±0.94 

455 

19.2±1.32 

18.9±1.35 

13.6±1.67 

8.9±0.99 

486 

17.3±1.21 

19.5±1.41 

15.0±2.06 

13.4±1 .77 

516 

17.4±1.26 

18.3±1 .43 



547 

16.7±1.24 

19.4±1.54 



578 

18.3±1.39 

16.4±1.34 



608 

17.1±1.32 

15.3±1.28 



639 

17.4±1.36 

15.8±1.37 



670 

17.5zfcl.39 

14.2±1 .32 



700 

17.7±1.36 

11.9±1.14 



730 

19.4dbl .79 

13 9±1 52 




The extent of variability in the body weights of these Norway 
rats was determined from a study of the coefficients of variation 
which were calculated for each age at which weighings were made. 
These coefficients, with their probable error, are shown in table 2, 
which also gives the coefficients of variation and probable error 
for the body weights of the series of stock Albinos with which the 
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• growth of the Norways has been compared. The latter series of 
coefficients are reproduced from table 4 of a previous paper 
(King, ’15 a). 

Grouped data were used in calculating the coefficients of 
variation for the thirteen- and for the thirty-day periods in both 
Norways and Albinos, as only the average body weight for the 
rats of each sex in a given litter was recorded at these ages; in- 
dividual data were used in obtaining the coefficients for all the 
other age periods noted. 

In early postnatal life Norway females grow more rapidly 
than do the males and they are likewise more variable in body 
weight, judging from the relative size of the corresponding coef- 
ficients of variation (table 2) . The variability in the body weight 
of the males has increased greatly by the time the animals are 
sixty days old, as is shown by the fact that the coefficient of 
variation for this period is nearly twice as large as that for the 
first period recorded. From this time until the rats are nearly 
a year old the males show a much more marked variability in 
body weight than do the females. Growth in body weight begins 
to slow down perceptibly in the females after 365 days of age 
(chart 1), yet from this time until the 547-day period the females 
are quite as variable in body weight as the males. The corre- 
sponding coefficients of variation for the two sexes covering this 
period show a difference in favor of the females, as a rule, yet 
these differences are, for the most part, within the limits of pos- 
sible error and therefore are not significant. As old age ap- 
proaches, variability in body weight decreases slightly in both 
sexes, but tends to be higher in the males than in the females. 

In sixteen of the twenty-five age periods indicated in table 2 
the coefficients of variation for the body weights of the males 
exceed those for the females; in eight of these cases the differences 
can be considered as significant, since they are more than three 
times the probable error. Where the coefficients for the females 
exceed those for the males the differences are too small to be of 
import. It would appear, therefore, that Norway males tend 
to be more variable in body weight than Norway females, es- 
pecially during the period of early maturity. This finding agree? 
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with that for stock Albinos (Jackson, ’13; King, ’15 a), and 
accords with the view that males, in general, are more variable 
than females (Darwin, ’71; Brooks, ’83). 

A comparison of the coefficients of variation for the Norways 
with corresponding coefficients for stock Albinos as given in the 
last two columns of table 2 shows that at all age periods Norway 
rats, both males and females, are much more variable in body 
weight than are albino rats. The maximum variability for both 
sexes of Albinos comes at sixty days; in the Norways the maxi- 
mum variability comes at a much later period, 120 days for the 
males and 395 days for the females. In both forms the coef- 
ficients are relatively low for the first two age periods recorded; 
they rise to a maximum, and then decline somewhat as the ani- 
mals approach senescence. 

The results of this study support the view that variability is 
much greater in wild animals than in those under domestication. 
How much of this variability in the Norways is due to environ- 
mental factors and how much is inherent in the species remains 
to be determined. Although albino rats have been living in a 
state of domestication for a long period, they show nevertheless 
an inherent tendency to variability in body weight at different 
age periods that is seemingly little affected by environmental 
conditions or by close inbreeding. Series of albino rats reared 
under fairly uniform conditions of housing and of nutrition and 
inbred brother and sister for twenty-five consecutive generations 
showed, at the end of this time, a variability in body weight at 
different age periods that was but little less than the variability 
exhibited by outbred stock Albinos (King, ’18, ’19). Whether 
the inherent tendency to variability in body weight is greater in 
the Norways than in the Albinos can be determined only after 
the Norways have become domesticated. 

In man, according to Boas (’97) and Porter (’05), variability 
in body weight is correlated with rapidity of growth. Such a 
correlation is indicated for the albino rat also according to the 
data given in the last two columns of table 2, since here the coef- 
ficients of variation for body weight are highest for the age 
periods at which growth is most rapid (sixty to ninety days), and 
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then drop sharply when the period of rapid growth is at an end. 
According to my records, Norway rats grow very slowly during 
early postnatal life, and it is doubtless significant that the coef- 
ficients of variation for body weights at this age are relatively 
low for both sexes. The growth in the body weight of Norway 
rats continues at a fairly uniform rate for a long period of time. 
During this period the coefficients of variation for the females 
rise steadily, and they begin to fall only when the females are 
nearing the end of the reproductive period and their body weight 
has reached the level which it retains as long as the animals are in 
good condition. In the Norway males the correlation between 
rate of growth and variability in body weight is not as marked as 
in the ease of the female. The coefficients of variation are very 
large during early maturity when the animals are growing vigor- 
ously: they remain at a high level during later adult life while the 
animals are still steadily increasing in body weight, and show no 
marked drop up to the time the animals are two years of age. 
In both Norways and Albinos there seems to be a correlation 
between variability in body weight and age, variability being 
relatively low during early postnatal life, increasing rapidly at 
puberty, and continuing at a high level until the end of the 
reproductive period, when it drops near the level of early life. 
Variability in body weight is seemingly correlated both with rate 
of growth and with age in the rat and in man. In this respect, 
as in many others (Donaldson, ’06, ’18), life processes in these 
two widely separated forms are in close accord. 
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SUMMARY 

This paper gives the results of a study of the growth and 
variability in the body weight of eighteen litters of Norway rats, 
comprising fifty-one males and fifty-nine females, that were the 
offspring of wild Norways trapped in the vicinity of Philadelphia. 
The data given cover the period from birth until the animals were 
two years old. 

Norway rats breed at all seasons of the year, but the period of 
most pronounced sexual activity is in the early spring. 

Norway males have an average birth weight of 5.34 grams; 
females are slightly smaller than the males, having an average 
weight of 5.09 grams at birth. 

During early postnatal life Norway females have an average 
body weight greater than that of the males. After sixty days of 
age the males, as a rule, are heavier than the females at all age 
periods. 

Norway rats do not show the marked acceleration in body 
growth during early life that is characteristic of the albino strain. 
Increase in body weight progresses at a fairly uniform rate in 
both sexes until the animals are approaching senescence, the 
increase in the adult state being greater in the males than in the 
females (chart 1). 

Albino rats are much heavier than Norway rats dining ado- 
lescence and early maturity; in later life the body weights of the 
Norways exceed those of the Albinos (charts 1 and 2). 

It seems probable that the slow growth of the Norways during 
early life is characteristic for the strain, and that the acceleration 
in the growth of the Albinos is one of the results of domestication. 

Norway rats show a high degree of variability in body weight 
at all age periods (table 2). In early life the females are some- 
what more variable than the males, but in the adult state the 
males tend to be the more variable. 

Norway rats at all age periods are much more variable in body 
weight than are albino rats (table 2). 

In the rat, as in man, variability in body weight is apparently 
correlated both with rapidity of growth and with age. 
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INTRODUCTION 


Since 1919 a strain of wild gray rats (Kattus norvegicus) 
has been maintained at The Wistar Institute for the purpose 
of determining the changes that occur in these animals when 
bred in captivity for a number of generations. My colleague, 
the late Dr. Henry H. Donaldson, was cooperating in this 
investigation and tracing alterations in the body and organs, 
while I was studying changes in various life processes. A 
report on this work, dealing with data for the first ten genera- 
tions born in captivity, was published some years ago (King 
and Donaldson, ’29). 

At the twenty-fifth generation the detailed study of rats in 
each succeeding generation was discontinued, and subse- 
quently only individuals in every fifth generation were under 
observation. This generation, therefore, ends the period of 
captivity to be covered by a second report on this strain. 
Data for life processes in the eleventh to the twenty-fifth 
generation are given in this paper. Doctor Donaldson’s rec- 
ords for organ changes in these generations will be published 
later. 

Throughout the course of this investigation the housing 
conditions, care of animals, and methods of obtaining and 
recording data were not changed. Although food constituents 
varied somewhat at times, the rats always received a cooked 
ration, supplemented twice each week by raw vegetables and 
fruit. No attempts were ever made to stimulate growth and 
reproduction by the use of hormone extracts or special diets, 
nor -were any individuals treated with x-rays, radium or other 
agencies in an endeavor to induce mutations. Thus the strain 
was maintained constantly under fairly uniform environ- 
mental and nutritive conditions that furnished adequate food, 
security from enemies, and protection from extreme tem- 
peratures. 
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In this investigation, as in others continued over a Ions: 
period, contingencies have arisen at times that had a marked 
effect on animals then under observation. Unfavorable condi- 
tions in the colony decreased fertility and the growth rate of 
individuals in the eleventh to the fifteenth generation. Similar 
effects followed removal of the colony to temporary quarters 
in 1932, and its subsequent transfer to a new location the 
following year. 

Various subjects are discussed here in the same order as 
in the previous report, and a new section has been added 
dealing with the mutations that appeared in later generations. 
Many tables contain a summary of relevant data for the first 
ten generations in order to show successive steps in the series 
of changes that occurred in these rats during 14 years of 
captivity (1919-1933). 

GROWTH IN BODY WEIGHT 

Changes in the weight of the body with age were determined 
for 1674 individuals from the fifteen generations covered by 
this report, approximately the same number of rats being 
taken from each generation. To facilitate an analysis of the 
findings, data for five successive generations were combined 
into the three groups given in reference tables 1 to 3. 

The body weight relations of the sexes during early post- 
natal life warrant consideration in view of the fact that in 
the first generation the average body weight of females ex- 
ceeded that of males at 13 and at 30 days of age (King, ’23), 
but in the second to the tenth generations weights of males 
exceeded those of females at all age periods (King and 
Donaldson, ’29). A weight excess in young females, although 
similar to Donaldson’s (’06) finding for young albino rats, 
does not accord with other determinations of the weight rela- 
tions of the sexes in albinos (Jackson, ’13; King, ’15; Donald- 
son, ’24). 

When the first report on this strain was written sufficient 
data on the birth weights of gray rats had not been obtained 
to furnish the norms that are necessary in order to determine 


Digitized by t^.ooQLe 



LIFE PROCESSES IN CAPTIVE GRAY RATS 


7 


the relative growth rate of the sexes during the suckling 
period. Such data are now available, since a recent paper 
(King, ’35) gives birth weights for 6295 gray rats taken 
mainly from later generations. These records give the aver- 
age weight of 3228 males as 5.5 gm., and that of 3067 females 

TABLE 1 

Increase in the weight of the body with age for individuals in the eleventh to the 
fifteenth generation of captive gray rats 


AGK IN 
DATS 

Number 
of indi- 

Body weight in grams 

Number 
of indi* 

Body weight in grams 


vi duals 

Average 

Highest 

Lowest 

viduals 

Average 

Highest 

Lowest 

13 

269 

18 

25 

14 

278 

17 

23 

13 

30 

269 

44 

78 

28 

278 

42 

75 

26 

60 

269 

89 

149 

49 

278 

80 

142 

47 

90 

269 

136 

247 

83 

276 

114 

184 

74 

120 

269 

168 

290 

96 

269 

144 

208 

90 

151 

267 

199 

308 

127 

260 

168 

253 

105 

182 

265 

225 

343 

141 

259 

185 

271 

115 

212 

263 

244 

358 

152 

258 

197 

277 

129 

243 

262 

263 

395 

162 

265 

208 

306 

145 

273 

257 

276 

433 

171 

258 

219 

340 

152 

304 

254 

291 

452 

209 

263 

229 

344 

164 

334 

254 

302 

| 441 

186 

265 

238 

j 355 

172 

365 

253 

310 

471 

220 

250 

246 

330 

178 

395 

250 

322 

464 

236 

251 

254 

! 343 

183 

425 

249 

333 

490 

245 

251 

260 

| 387 

' 190 

455 

242 

336 

479 

250 

245 

268 

391 

1 189 

486 

239 

348 

490 

252 

; 231 

277 

415 

! 186 

516 

234 

357 

502 

269 

226 

288 

1 433 

182 

547 

j 224 

365 

! 497 

282 

228 

292 

! 417 

! 197 

578 

214 

| 375 

| 547 

265 

217 

298 

| 398 

; 220 

608 

1 209 

379 

| 553 

! 289 

203 

302 

| 404 

219 


as 5.2 gm. (King, ’35). Thus at birth the body weight of gray 
males exceeds that of females by 0.3 gm. (5.5 per cent). 

Taking these weights as norms, it is shown by data in table 
1 that in the eleventh to the fifteenth generations the sexes 
were growing at approximately the same rate when 13 days 
of age. At 30 days, however, the weight difference of 2 gm. 
(4.5 per cent) indicates that females were then growing more 
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rapidly than males. In later generations (tables 2 and 3) the 
growth rate of females exceeded that of males throughout 
the suckling period, since at 13 days the average weights of 
males and females were the same, and at 30 days the weight 
excess of males was but 2 per cent. Subsequently the growth 
rate in females decreased while that in males increased. The 

TABLE 2 


Increase in the weight of the body with age for individuals in the sixteenth to the 
twentieth generation of captive gray rats 



MALES 

FEMALE8 

AGE IN 
DAY8 

Number 
| of indi- 

| Body weight in grams 

Number 
of indi* 

Body weight in grams 


viduals 

Average 

Highest 

Lowest 

viduals 

| Average 

Highest 

Lowest 

13 

283 

19 

29 

14 

275 

! 19 

27 

13 

30 

283 

50 

79 

34 

275 

49 

69 

34 

60 

283 

110 

198 

51 

275 

97 

170 

53 

90 

283 

166 

260 

85 

273 

139 

212 

68 

120 

283 

212 

302 

97 

254 

172 

252 

86 

151 

281 

253 

354 

121 

255 

201 

270 

112 

182 

280 

279 

401 

136 

253 

219 

297 

123 

212 

277 

302 

420 

146 

254 

234 

307 

132 

243 

275 

318 

422 

184 

244 

247 

336 

162 

273 

275 

331 

452 

203 

245 

258 

353 

182 

304 

273 

343 

465 

225 

248 

268 

344 

175 

334 

270 

355 

472 

254 

255 

278 

363 

198 

365 

269 

366 

498 

286 

254 

288 

378 

210 

395 

268 

376 

504 

284 

251 

295 

403 

210 

425 

264 

384 

512 

290 

247 

301 

403 

1 198 

455 

261 

396 

527 

302 

247 

309 

402 

204 

486 

259 

404 

547 

287 

244 

314 

402 

240 

516 

253 

412 

567 

326 

229 

323 

426 

243 

547 

243 

423 

549 

338 

225 

329 

429 

240 

578 

237 

434 

560 

333 

217 

338 

438 

252 

608 

231 

439 

572 

353 

215 

344 

462 

256 


weight excess of males had increased to about 21 per cent by 
the time the rats were 8 months old. Thereafter the average 
weight differences between the sexes remained fairly constant. 
It thus appears that in gray rats, as in albinos (Donaldson, 
’06), the growth curves are similar to those for man in that, 
although males tend to be heavier than females at birth and 
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during adult life, females grow at a more rapid rate during 
early life. An acceleration in the growth rate of young fe- 
males has been noted also in the guinea pig (Bessesen and 
Carlson, ’23), in the mouse (Gates, ’25) and in the cat (Lati- 
mer and Ibsen, ’32), as well as in man (Baldwin, ’14; Daven- 
port, ’26; Appleton, ’28). 


TABLE 3 


Increase in the weight of the "body with age for individuals in the twenty-first to 
the twenty-fifth generation of captive gray rats 


AGE IN 
DATS 

MALES 

1 

TEMALKS 

Number 
of indi- 
viduals 

f 

| Body weight in grams 

Number 
of indi- 
viduals 

Body weight in grams 

Average 

| Highest | 

! Lowest 

Average 

Highest 

Lowest 

13 

280 

i 18 

28 1 

14 

289 

i 18 

25 

15 

30 

280 

48 

89 1 

35 

289 

47 

78 

34 

60 

280 

109 

180 

53 

289 

91 

160 

58 

90 

280 

174 

276 

94 

284 

147 

216 

83 

120 

280 

216 

309 

137 

265 

183 

253 

110 

151 

279 

249 

354 

179 

269 

208 

i 286 

129 

182 

279 

275 

! 385 

188 

273 

225 

305 

137 

212 

279 

297 

400 

203 

276 

239 

335 

144 

243 

279 

314 

442 

239 

273 

252 

345 

164 

273 

278 

327 

445 

251 

271 i 

264 

352 

175 

304 

276 

341 

446 

264 

276 

276 

368 

| 186 

334 

274 

352 

445 

262 

260 

t 282 

387 

! 203 

365 

272 

369 

458 

304 

266 

1 289 

368 

203 

395 

272 

372 

482 

298 

257 

! 295 

387 

212 

425 

267 

382 

515 

305 

260 

299 

382 

230 

455 

263 

396 

518 

312 

256 

306 

388 

245 

486 

257 

400 

524 

303 

252 

310 

405 

251 

516 

249 

412 

554 

347 

252 

321 

416 

246 

547 

247 

423 

550 

353 

247 

329 

418 

277 

578 

234 

424 

551 

356 

240 

338 

440 

283 

608 

225 

441 

553 

364 

227 

342 i 

447 

285 


Graphs in figure 1, constructed from data in tables 1 to 3, 
indicate the changes in body weight with age in successive 
generation groups of male rats and form a better basis for 
discussion than do the data in tables 1 to 3. 

All graphs in figure 1 have approximately the same form, 
but graph 1 runs at a relatively low level due, in part, to the 
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fact that in individuals of this group growth was retarded 
by adverse conditions in the colony. That improved environ- 
mental and nutritive conditions had a favorable influence on 
body growth is shown by the rapid rise of graphs 2 and 3, 
which run very close together during their entire length. The 
difference in the level of the graphs during the latter part of 
their course indicates that adult males of the last two genera- 
tion groups weighed about 15 per cent more than did those of 
the first group. The temporary check to body growth result- 
ing from the transfer of the colony to a new location accounts 
for the depression near the end of graph 3. 

Body weight changes with age in the three groups of fe- 
males (tables 1 to 3) are shown graphically in figure 2. 

While the graphs in figure 2 are similar in form to those 
in figure 1, they run at lower levels, as females tend to weigh 
less than males at all age periods after weaning. 

Females of the last two generation groups responded to 
better environmental conditions by growing at a more rapid 
rate during early life, and attaining a larger size than did 
females of earlier generations. They weighed, on the average, 
about 13 per cent more during adult life than did females of 
the first group, as the levels of the graphs in figure 2 indicate. 

According to Sorin (’32), litter size has a marked effect on 
the body growth of guinea pigs. This factor could not have 
influenced growth in gray rats, since throughout this investi- 
gation the great majority of litters used for study contained 
either five or six individuals: no litters of less than four or 
more than seven young were ever reared. 

After twenty-five generations had been born in captivity, 
both rate and extent of body growth in males had increased 
greatly, as shown by the graphs in figure 3, which were con- 
structed from body weight data given in table 5. 

In figure 3 graph (A) rises gradually from the beginning to 
the end of its course, and shows no evidence of any pro- 
nounced growth acceleration during the adolescent period in 
males of the first generation. Body weight increase during 
later life was very uniform, and at the final weighing these 
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males attained an average weight of 362 gm. Graph B, for 
males of the twenty-fifth generation, rises rapidly and does 
not tend to flatten until the age period of about 150 days, thus 
indicating a marked growth acceleration during adolescence 
and early maturity. The variance in the levels of graphs A 
and B during the period of 60 to 150 days indicates a weight 
difference between these two groups of males of some 35 per 
cent. At subsequent age periods the graphs run nearly 



Pig. 3 Body growth in males of the first and of the twenty-fifth generation. 

parallel, but at levels indicating that males of the last genera- 
tion were about 20 per cent heavier than those of the first 
generation during the greater part of adult life, and 17 per 
cent heavier at the final weighing when their average weight 
was 440 gm. 

Data from table 6 were used in constructing the growth 
graphs for females of the first and of the twenty-fifth genera- 
tion, which are shown in figure 4. 

The graphs in figure 4 run more irregularly than do those 
in figure 3, because the effects of early pregnancy and of 
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lactation on body weights could not be eliminated nor offset 
in compiling the data. The course of these graphs indicates 
that females of the twenty-fifth generation grew much more 
rapidly during early life, and were heavier at all subsequent 
age periods, then females of the first generation, their weight 
excess at the end of the weighing period being about 19 per 
cent. 

At the twenty-fifth generation, both sexes of gray rats were 
growing during adolescence and early maturity at a rate 
approaching that characteristic of albino rats maintained in 



Pig. 4 Body weight in females of the first and of the twenty -fifth generation. 


captivity for a long period of time. The average body weights 
of adult grays, however, were greater than those of albinos 
of like ages. The effects of captivity on the rate and extent 
of body growth in gray Norway rats are similar to those that 
have occurred in various domesticated mammals, such as 
cattle, horses, and sheep. These animals, as Darwin (1875) 
has shown, grow more rapidly and attain a much larger size 
than did their wild prototypes. This growth increase in 
domesticated animals is due, in all probability, to selective 
breeding and to the more favorable conditions of environment 
and of nutrition that captivity entails. 
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Important experimental work during recent years lias shown 
that body growth in rats can be accelerated, and also greatly 
increased, by feeding nutritional diets or by the use of growth 
promoting hormones (Robertson, ’16 a; Evans, ’24; Osborne 
and Mendel, ’26 ; Mendel and Cannon, ’27 ; Smith and Bing, 
’28; Anderson and Smith, ’32; Mendel and Hubbell, ’35, etc.). 
To what extent other life processes are affected by these 
agencies has received little attention, as yet. Whether rapid 
growth during early life is beneficial to the individual and 
tends to a more active reproductive life and to longevity has 
long been questioned. Precocious body growth in man has 
never been deemed advantageous, since it seems to render 
individuals prone to certain diseases and to shorten the life 
span. It has been suggested that the difference in the growth 
rate of the sexes may be responsible for the fact that women 
tend to live longer than men, even when the latter have not 
been engaged in hazardous occupations that are liable to 
shorten life. 

The relation between growth rate and longevity in albino 
rats has been investigated by McCay and his associates 
(McCay, ’33; McCay and Crowell, ’34; McCay, Crowell and 
Maynard, ’35). These investigators found that individuals in 
which growth was retarded for a number of months by re- 
stricting the diet still retained the power to grow when they 
were old if then they were given adequate food. They did 
not, however, attain the size of animals that had grown 
rapidly during early life. Individuals with a retarded growth 
rate lived longer than did the controls, and females had a 
longer life span than males. McCay (’33) states: “No one 
has ever found it possible, however, to have both rapid growth 
with early attainment of maturity and longevity : It is possible 
that longevity and rapid growth are incompatible and that the 
best chance for an abnormally long life span belongs to the 
animal that has grown slowly and attained a late maturity.” 

The greater growth acceleration during early life and larger 
adult size of gray rats in later generations had no apparent 
detrimental effects on other life processes. On the contrary, 




Digitized by 


Google 


16 


HELEN DEAN KINO 


as shown by data in various tables, these rats attained matur- 
ity earlier than did those of preceding generations, their fer- 
tility was greater, the reproductive period longer, mortality 
during early life much less, and the average life span pro- 
longed. There is no evidence, however, to warrant an assump- 
tion that rate and extent of body growth in these rats were 
precocious. Possibly growth was approaching the optimum 
for the race when individuals are maintained under environ- 
mental and nutritive conditions favorable for the full ex- 
pression of growth activators without overstimulating them. 

Although intrauterine factors doubtless play a major role 
in determining the growth of fetal young, rate and extent of 
postnatal growth, if environmental and nutritive conditions 
are uniform, must depend mainly upon growth potentialities 
which have their basis in the genetic constitution of the indi- 
vidual. It has been shown for the guinea pig (Bessesen and 
Carlson, ’23), the rabbit (Kopec, ’26), the mouse (Kopec, ’29) 
and the rat (Dunn, ’08; King, ’16) that the early postnatal 
growth of individuals of the same litter is usually in the 
order of their birth weights. Individuals that are large at 
birth tend to grow more rapidly and to attain a larger size 
when adult than do those with a low birth weight. 

Rats much below normal weight at birth, so-called runts, 
never attain the body size of other members of the litter even 
when reared under nutritive conditions that normally induce 
rapid growth (King, ’16). Runts, apparently, are individuals 
in which growth processes have been retarded by some in- 
herent factor. Their inability to grow at a normal rate cannot 
be due merely to nutritional handicaps during fetal life, since 
restriction of growth by malnutrition does not deprive normal 
rats of the power to grow when the diet is again adequate, as 
McCay, Crowell and Maynard (’35) have shown. 

Another type of individual in which body size during adult 
life is as much above the norm as that of the runt is below 
it has been found in this strain of captive gray rats. Such 
rats are not noticeably large at birth, and they grow during 
early life at about the same rate as other individuals of the 
same sex in the litter. To show the course of body growth in 
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these individuals, growth data were compiled for twenty se- 
lected pairs of rats of each sex belonging in the sixteenth to 
the twenty-fifth generations. Each pair of rats of the same 
sex, one large and one small, were members of the same litter. 
All were individuals that continued to increase in weight 
throughout adult life, and were apparently in good physical 

TABLE 4 

Increase in body weight with age for twenty pairs of males and of females from 
the sixteenth to the twenty-fifth generation of captive gray rats. Each 
pair of the same sex ( one large and one small) from the same litter 



XAL.E8 

FEMALK8 


AOS IK 

DATS 

Average body weight in grams 

Average body weight in grams 

Large 

8m all 

Large 1 

Small 

30 

52.2 ; 

51.1 

47.6 

47.2 

60 

113.7 

106.7 

104.4 

103.6 

90 

187.9 

176.1 

155.4 

147.8 

120 

229.9 

214.9 

187.5 

183.1 

151 

264.4 

254.8 

209.5 

208.8 

182 

286.9 

272.8 

229.6 

224.9 

212 

305.1 

294.5 

247.0 

239.9 

243 

314.7 

306.3 

258.8 

252.8 

273 

330.8 

318.5 

277.2 

261.0 

304 

342.2 

327.3 

287.2 

269.0 

334 

i 363.7 

340.9 

307.3 

281.4 

365 

1 378.8 

354.2 

308.6 

287.8 

395 

404.0 

366.1 

330.0 

294.9 

425 

427.9 

377.6 

333.3 

298.8 

456 

444.8 1 

390.7 

337.6 

311.3 

486 

465.3 J 

401.2 

357.1 

312.3 

516 

488.2 | 

412.8 

365.5 

321.2 

547 

502.2 i 

427.1 

380.3 

325.5 

578 

517.8 | 

431.3 

400.0 j 

328.8 

608 

528.1 

431.8 

418.1 

332.9 


condition at the end of the weighing period. Differences in 
their body weights, therefore, cannot be attributed to disease. 
The smaller individuals of the pairs were not runts, nor was 
their growth restricted, as is shown by the fact that their 
average body weights at any age period were not significantly 
lower than corresponding weights for all rats in the genera- 
tion groups from which they came (tables 2 and 3). Body 
weight increase with age in these rats is given in table 4. 
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The data in table 4 are shown graphically in figure 5. 

In figure 5 the graphs for males (1 and 2) run parallel and 
at nearly the same level until the age period of about 300 
days. Up to this point the space between the graphs repre- 
sents a weight difference in the two groups of approximately 
4.5 per cent, the weights of the smaller individuals being taken 
as the standards in computation. Subsequently the two graphs 



Fig. 5 Body growth in pairs of large and small individuals from the same litter. 


diverge sharply; graph 1 mounts upward rapidly, graph 2 
rises at a slower rate. At the 400-day period the larger males 
had increased their weight excess to 10 per cent, and they 
were 22.3 per cent heavier at the end of the weighing period. 

Growth graphs for the two groups of females (3 and 4) run 
much the same as those for males, although they begin to 
diverge at an earlier age period. At 212 days the space be- 
tween the graphs represents a weight difference between the 
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two groups of about 3 per cent. At 300 days this difference 
has more than doubled. The weight excess of the larger fe- 
males was 11.9 per cent at 400 days and had become 25.6 per 
cent at the last weighing. 

Autopsies made on a number of these large and small indi- 
viduals disclosed no conditions that would account for the 
difference in their size. In the large individuals the body had 
increased as a whole and there was no evidence of differential 
growth in any of the organs. 

As the number of these exceptional individuals increased 
as the generations advanced, it seems probable that the condi- 
tion is inherited, and that these rats contained some genetic 
factor, or factors, that acted mainly during adult life to sup- 
plement the action of growth activating agencies. Genetic 
factors are known to play an important role in inciting and 
regulating growth processes, and their action is probably 
physiological, since there is no evidence, as yet, of the exist- 
ence of specific size genes in mammals. Green ( ’31, ’33) found 
that genes producing brown and dilute color in mice also 
increase the body size of the individuals. In confirming 
Green’s finding, Castle, Gates and Reed (’36) have given evi- 
dence indicating that these genes influence body size “by 
virtue of their own physiological action.” 

Some of these large individuals became exceedingly savage 
and often severely injured or killed other inmates of the cage. 
Males with this ‘killer’ trait did not molest females of any 
age, but attacked adult males smaller than themselves and 
young males approaching maturity. Vicious females usually 
harmed only weaker individuals of their own sex. The ‘killer’ 
trait in these rats was doubtless a heritage from their wild 
ancestry, associated with the polygamous condition common 
to many animals living in their natural habitat. 

Individuals much larger than their litter mates of the same 
sex have appeared occasionally in all strains of rats that have 
been under investigation in the colony during the past 20 
years. ‘Killers’ have been found, however, only in captive 
grays and in mutant strains, particularly in mutant albinos. 
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VARIABILITY IN BODY WEIGHT 

Body-weight variability in both sexes of gray rats changed 
considerably as the generations advanced. To indicate the 
trend and extent of this change, coefficients of variation for 
body weights at different age periods in individuals of three 
generations are given in tables 5 and 6. In these tables the 
series of coefficients for the first generation are reproduced 
from the former report on this strain (King and Donaldson, 
’29). Coefficients for the age period of 13 days were calcu- 
lated from the average weights of males and females in each 
litter, as were also those for the 30-day period in the first 
generation. For all other age periods, the coefficients were 
calculated from individual data. 

Coefficient of variation for body weights of males are given 
in table 5, those for females in table 6. 

Tables 5 and 6 are given for reference only, since a graphic 
representation of the data for the first and for the twenty- 
fifth generations (fig. 6) shows more clearly the marked 
changes that occurred in the body-weight variability of gray 
rats during the period of captivity covered by the present 
report. 

In figure 6 graphs (A and C) for body-weight variability 
in the two generation groups of males have the same general 
trend in that each rises to a maximum at an early age period, 
and then declines. Graph C, however, is much below graph A 
at all points, and its level as age advanced indicates that 
body-weight variability in males of the twenty-fifth generation 
was less than half of that in males of the first generation 
during the major portion of adult life, and even lower near 
the end of the weighing period when senility was beginning. 

Graphs B and D, depicting body-weight variability in fe- 
males of the two generation groups, run more irregularly than 
do those for males, because maximum variability in females 
of the first generation did not come until the rats were 13 
months of age. For age periods up to 4 months differences 
between the graphs are not statistically important, but sub- 
sequently the levels of these graphs indicate that body-weight 
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variability in females of the twenty-fifth generation was sig- 
nificantly less than that in females of the first generation. 

A correlation between body-weight variability and the 
growth rate in both sexes of gray rats is indicated by the fact 
that in all generation groups of males (table 5) and in the 
last two generation groups of females (table 6) variability 
was at its maximum when the rats were young and growing 



Pig. 6 Body- weight variability with age in the first and in the twenty -fifth 
generation. 


rapidly, and then decreased as the growth rate declined dur- 
ing adult life. A similar correlation has been found in the 
albino rat (King, ’15), in the mouse (Robertson, ’16; Sailer, 
’27; Kopec, ’32), as well as in man (Boas and Wissler, ’05). 

There is no sex difference in body-weight variability at 
birth in gray rats. Coefficients of variation, calculated from 
a large series of birth weights (King, ’35) give for males a 
value of 13.7 ± 0.11, and for females 13.6 ± 0.12. Compari- 
son of corresponding coefficients in tables 5 and 6 and the 
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graphs in figure 6 show, however, that' males tended to be 
more variable than females during early postnatal life, and 
less variable during later life. It seems probable that the 
greater body-weight variability of gray females during adult 
life can be ascribed to reproductive activity, as Kopec ( ’32) 
has suggested is the case in mice. Pregnancy and lactation 
have marked effects on the body weights of breeding females. 
When weight determinations are made at stated intervals 
over a considerable period of time, the data obtained often 
include weights for lactating females and for those in early 
stages of pregnancy, even though, as in this investigation, 
weighings are omitted when females are known to be preg- 
nant or when their weights are greatly reduced because they 
are suckling large litters. Coefficients of variation for body 
weights of adult females, calculated from data thus obtained, 
are undoubtedly larger than would be a series of coefficients 
based on data for unmated females whose weights had not 
been affected by reproductive processes. Taking this fact 
into consideration, the greater body-weight variability of 
females during adult life has no significance. For age periods 
during early life, where the two series of data are strictly 
comparable, body-weight variability in males was somewhat 
greater than that in females. A similar sex relation in body- 
weight variability has been found in albino rats (Jackson, ’13; 
King, ’18, ’19) and in mice (Robertson, ’16; Sailer, ’27; 
Kopec, ’32). These findings accord with the view that 
throughout the organic world males, in general, tend to be 
more variable than females. 

Darwin (1875) was of the opinion that variability of every 
kind is caused directly or indirectly by changed conditions of 
life, and that, “if it were possible to expose all individuals 
of a species during many generations to absolutely uniform 
conditions of life there would be no variability.” In light 
of our present knowledge of genetics, it is probable that 
changed conditions of life in captivity had little effect on the 
body-weight variability of gray rats. The gradual decrease 
in the variability of these rats as the generations advance can 
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doubtless be ascribed mainly to the method used in selecting 
individuals to propagate the race and to inbreeding. 

All individuals in this strain of rats descended from six 
pairs of wild rats. No new stock has ever been added. Ex- 
cept in the descendants of one pair of feral animals, few 
matings were made in early generations between individuals 
that were very closely related. Rigid selection of only the 
most vigorous animals as parents of the succeeding genera- 
tions gradually eliminated descendants of some of the wild 
rats, thus rendering the stock more homogeneous. For rea- 
sons given in the final section, all individuals in the twenty- 
first to the twenty-fifth generations were inbred, brother and 
sister. This close inbreeding undoubtedly tended to reduce 
variability and so is responsible, in great measure, for the 
low body-weight variability in rats of the twenty-fifth gen- 
eration. 

THE REPRODUCTIVE PERIOD 

When wild animals are brought into captivity, the most 
marked effect of the changed conditions of life, at first, is on 
their reproductive activity. Some wild forms never breed 
after being removed from their natural habitat; others pro- 
duce but a small number of young which often must be reared 
by foster mothers since their own mothers do not care for 
them. In most cases a considerable period of time elapses 
before individuals become sufficiently adjusted to their new 
environment to produce and rear strong, vigorous offspring. 
The cause of this low fertility in wild animals when first 
captured is unknown, and, as Darwin (1875) has stated, “we 
can only infer that it is caused by a change of some kind in 
the natural conditions of life.” 

Thirty-six wild rats (sixteen males and twenty females) 
were brought to the laboratory to serve as foundation stock 
for this strain of captive grays. Judging from their size, the 
youngest of the females were at least 3 months of age when 
captured, the oldest being probably a year old. None of the 
females were pregnant when captured, although all of them 
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were vigorous and seemingly free from disease. The changed 
conditions of life to which these rats were subjected affected 
reproductive processes adversely, causing sterility in some 
females and greatly reducing fertility in others. Only six of 
the wild females bred in captivity, and the litters they cast 
were small. Under their new environment wild females, with 
one exception, seemed incapable of suckling their offspring, 
and their litters were either destroyed soon after birth or 
neglected. In order to save the young it was necessary to 
remove them from the nest soon after their birth and give 
them to lactating albino females to rear. Restrictions to 
breeding resulting from change of habitat began to disappear 
in individuals of the second generation, and subsequently the 
great majority of females reared were fertile and able to rear 
their young. 

It has been stated (Eaton and Stirrett, ’28) that wild rats 
become sexually mature when they are about 3 months of age, 
but this statement lacks confirmation. In light of the breed- 
ing data obtained from trapped wild rats and from indi- 
viduals in the early generations of captive grays, I am in- 
clined to the opinion that gray females living under natural 
conditions do not begin to breed, as a rule, until they are at 
least 4 months of age. 

With the advance of the generations there was a marked 
increase in the length of the reproductive period, as is shown 
by the data in table 7. 

In later generations, as in the earlier ones, there was con- 
siderable variation in the time at which individual females 
began breeding. While some females cast their first litters 
when less than 3 months of age, the majority of them did not 
breed until they were at least 4 months old. The average age 
of females at the onset of breeding decreased steadily as the 
generations advanced, and was but 119 days at the twenty- 
fifth generation (table 7). Thus, at the end of the period of 
captivity covered by this report, the reproductive life of 
females began 147 days earlier than did that of females in 
the first generation whose average age at the inception of 


Digitized by t^.ooQLe 



LIFE PROCESSES IN CAPTIVE GRAY RATS 


27 


breeding was 266 days. Generation changes in the age of 
females at the beginning and at the end of reproductive life 
are indicated by the graphs in figure 7. 

The earlier breeding of females in late generations can be 
ascribed, in part at least, to their more rapid growth during 
adolescence. As a rule, rats that grow rapidly when young 
are the ones that begin to breed at an early age; those that 


TABLE 7 

Length of the reproductive period in the tenth to the twenty-fifth generation of 

captive gray rats 


GENERA- 
TION OF 
BREEDING 
FEMALES 

EARLIEST 
AGE AT 1 

WHICH A 
LITTER 
WAS CAST 

LATEST 
| AGE AT 

WHICH A 

1 LITTER 

WA8 CA8T 

TOTAL | 

LENGTH | 
OF REPRO- 
DUCTIVE , 
PERIOD 

AVERAGE 
AGE WHEN 
FIR8T 
LITTER 
WAS CAST | 

AVERAGE 
AGE WHEN 
LAST 
LITTER 
| WA8 CA8T 

AVERAGE 

LENGTH 

OF REPRO- 
DUCTIVE 
PERIOD 

10 

days 

101 

days 

692 

days 

591 

days 

207 

1 days 

490 

days 

283 

11 

93 

642 

549 

210 

509 

299 

12 

90 

730 

640 

175 

506 

331 

13 

108 

! 652 

544 

169 | 

510 

1 341 

14 

130 

! 784 

654 

209 

548 

339 

15 

99 

802 

703 

172 

521 

349 

16 

104 

728 

624 

195 

559 

364 

17 

78 

646 

568 

137 

522 

385 

18 

87 

665 

578 

151 

546 

395 

19 

75 

657 

582 

1 135 

547 

412 

20 

88 

655 

567 

136 

512 

376 

21 

1 95 

731 

636 

143 

535 

392 

22 

79 

655 

576 

124 

525 

401 

23 

84 

617 

533 

128 

522 

394 

24 

88 

643 

555 

140 

540 

400 

25 

76 

667 

591 

119 

559 i 

440 

10-25 


593 

159 

| 528 

369 

1-9 

1 ! 

517 

226 

| 453 

227 


grow slowly do not mature until much later. It is possible, 
also, that in the rat, as in the domestic fowl (Warren, ’34; 
Hays, ’36) age at sexual maturity is an inherited character 
that can be influenced by selection. Assuming that some indi- 
viduals in the foundation stock of this strain carried genes 
tending to induce early maturity, such genes would have accu- 
mulated in the stock after a time because of inbreeding. The 
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majority of litters reared in later generations were cast by 
females that had grown rapidly and bred at an early age, but 
selection of litters to continue the strain was not based on the 
early breeding of the mothers, but on the size and vigor of 
the young at birth, the number of individuals in a litter, and 
its sex composition. 

In rats maintained under laboratory conditions reproduc- 
tion ends, usually, when the animals are about 18 months of 
age, although cases are known where young were born when 



females were over 2 years old. The time at which the meno- 
pause appears depends largely upon the physical status of 
the females, especially on their ability to resist pneumonia. 
This infection soon ends reproductive activity, although af- 
fected individuals may live for some months. 

The age at which individual females in later generations 
stopped breeding varied greatly, the range being 185 days 
(table 7). The average age of females at menopause tended 
to advance with the generations, as is indicated by the course 
of the upper graph in figure 7. 
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The better physical condition of the rats after they had been 
in captivity for several years, and the less frequent occurrence 
of tumors and infections of the genital tract, probably account 
in great measure for the extension of reproductive life. There 
is also a possibility that heredity may be a factor involved in 
defining the limits of reproductive activity, since in some 
cases relatively young females, seemingly in good physical 
condition, cast only two or three litters; in other cases all 
females of a given litter produced approximately the same 
number of litters and stopped breeding at about the same age. 

Changes in the average length of the reproductive period 
in females of the first twenty-five generations are shown by 
the graph in figure 8. 



J^g. 8 Average length of the reproductive period in different generations. 


Although there are irregularities at the beginning of the 
graph in figure 8, its general trend is upward. There are 
noticeable depressions at the ninth and twentieth generations, 
ascribable to the fact that in these generations breeding was 
checked because a number of females had ovarian cysts or 
developed pneumonia at an early age. The difference in the 
level of the graph at its beginning and the level at its end 
indicates that, at the twenty-fifth generation, the average 
length of the reproductive period (440 days) was more than 
twice that (204 days) in the first generation. This extension 
of reproductive life and also the increased fertility of captive 
gray rats, which will be shown in the following section, accord 
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with the findings of Darwin (1875) and others that under the 
more favorable environmental and nutritive conditions of life 
in captivity domesticated animals breed earlier and longer, 
and are more prolific than their wild ancestors. 

FERTILITY 

Literature on the fertility of wild gray rats deals chiefly 
with records of the young found in nests at different seasons 

TABLE 8 


Litter production and average litter size in different generations of captive 

gray rats 


GENERA- 
TION OF 
BREEDING 
FEMALES 

NUMBER OF 
BREEDING 
FEMALES 

TOTAL 
NUMBER OF 
LITTERS 

AVERAGE 
NUMBER OF 
LITTERS PER 
FEMALE 

TOTAL 

NUMBER 

OF YOUNG 

AVERAGE 

NUMBER 

OF YOUNG 
PER FEMALE 

AVERAGE 
NUMBER 
OF YOUNG 
PER LITTER 

10 

54 

260 

4.81 

1538 

29.6 

5.91 

11 

55 

305 

5.55 

1827 

33.2 

5.99 

12 

50 

312 

6.24 

1877 

37.5 

6.01 

13 

55 

333 

6.05 

1906 

34.7 

5.72 

14 

56 

384 

6.86 

2225 

39.7 

5.79 

15 

57 

398 

6.98 

2343 

41.1 

5.89 

16 

55 

492 

8.95 

3109 

56.5 

6.32 

17 

53 

486 

9.17 

2986 

56.3 

6.14 

18 

58 

584 

10.07 

3746 

64.6 

6.41 

19 

54 

550 

10.18 

3472 

64.3 

6.31 

20 

53 

437 

8.25 

2719 

51.3 

6.22 

21 

61 

556 

9.11 

3329 

54.5 

5.98 

22 

58 

503 

8.67 

2971 

51.2 

5.91 

23 

59 

479 

8.12 

2905 

49.2 

6.06 

24 

60 

555 

9.25 

3387 

56.4 

6.10 

25 

51 

512 

10.04 

3232 

63.3 

6.31 

10-25 

887 

7146 

8.06 

43572 

49.1 

6.10 

1-25 

I 1304 

8685 

~~ 6766 

53077 

40.7 | 

6.11 


of the year, and with data for the number of fetuses in gravid 
females of unknown ages. Estimations regarding litter pro- 
duction and litter size differ greatly. According to various 
accounts (Zuschlag, ’03; Lantz, ’10; Miller, ’ll; Eaton and 
Stirrett, ’28), wild females produce an average of from three 
to eight litters a year : litter size has been calculated as aver- 
aging from six to ten young (Crampe, 1884; Zuschlag, ’03; 
Lloyd, ’09; Lantz, ’10; Miller, ’ll). 
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Females in the first nine generations of captive grays cast, 
on the average, 3.69 litters each, and the average litter con- 
tained 6.17 young (King and Donaldson, ’29: table 7). Data 
for litter production and for litter size in later generations 
are given in table 8. 

The average number of litters produced by females of the 
tenth generation (4.81) was greater than that of females in 
any preceding generation. Subsequently, litter production 
increased slowly until the nineteenth generation, when females 
cast an average of 10.18 litters (table 8). The slight decline 
in litter production during later generations can be attributed 
mainly to various changes in the location of the colony which 



Fig. 9 Average litter production of females in different generations. 

adversely affected fertility as well as the body growth of the 
rats. With this rise and fall of litter production there was 
a corresponding change in the number of young cast, conse- 
quently average litter size in any generation did not differ 
materially from the mean (6.10) for the entire series (table 8). 
The general trend in litter production during the course of 
this investigation is depicted in figure 9. 

STERILITY 

The infertility of wild rats brought to the colony at the 
beginning of this investigation and the high percentage of 
sterility in females of the early generations of this strain 
were discussed in the former report. 

Later work has tended to support the hypothesis, previ- 
ously advanced, that sterility in wild rats when first captured, 
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as well as that in individuals of early generations born in 
captivity, was due to disturbances of the nervous system in- 
duced by fear and confinement within a limited space. The 
nervous tension thus produced probably influenced the activity 
of many organs of the body, especially those concerned with 
secretion, and thus indirectly affected the reproductive organs 
so that they were unable to function normally. As the ner- 
vous tension was lessened, after a relatively short period of 
captivity, the rats began to breed at a more normal rate. 

During the first eight generations sterility in females de- 
creased from 37.29 per cent to 5.88 per cent. It rose to 18.64 
per cent at the ninth generation, because of the prevalence of 
ovarian tumors and infections of the genital tract at that time. 
Only five of the 161 females reared in the tenth to the twelfth 
generation did not breed, and in these cases sterility was 
caused by diseases that affected the reproductive organs. In 
later generations all females reared were fertile. By this 
time the rats had lost their fear of man and were so well 
adjusted to their new environment that restriction to repro- 
duction induced by removal from their natural habitat had 
disappeared. 


LITTEK SIZE 

Data for litter size in the second to the twenty-sixth genera- 
tion are given in table 9. Litters of the first generation are 
not included in this table because of the probability that the 
data obtained did not cover the entire litter output of the wild 
females that bred while in captivity. Data for five genera- 
tions are grouped together to facilitate their analysis. 

The range in litter size was from one to fifteen, with the 
mean at six. In each of the first three groups of table 9, over 
half of the litters were of medium size, containing from five 
to seven young. The last two groups comprise a relatively 
smaller number of medium sized litters and more litters be- 
low or above this magnitude. This difference in the distribu- 
tion of the various sized litters in the groups was due, doubt- 
less, to the extension of the reproductive period and the 
increased fertility of females in the later generations (table 8). 
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Litter size, by generation groups, in the second to the twenty-sixth generations of captive gray rats 
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When the reproductive period is long, litters cast at its be- 
ginning and near its close tend to be small. Increased fertility 
leads not only to the production of a greater number of litters, 
but also, in most cases, to the casting of larger litters during 
the height of reproductive activity. 

The summary of data in table 9 is shown by the graph in 
figure 10, which indicates a very symmetrical distribution of 
the various litter groups around the modal point. 

Litter size in captive grays, as in other varieties of rats, 
is not affected by the season of the year in which birth 



Fig. 10 Litter size in the second to the twenty-sixth generation. 


occurs (King, ’27): In this respect, findings for the rat 
accord with those for the mouse (Parkes, ’26 b), the pig 
(Machens, ’15; Carmichael and Rice, ’20; Parkes, ’26 a) and 
the dog (Dighton, ’22). 

Since a previous investigation has shown that the age of 
the mother has a pronounced effect on both litter production 
and litter size in rats (King, ’16 a), a brief analysis of the 
series of data for gray rats with reference to this point is 
given here. Data for litters cast in the second to the twenty- 
sixth generation, arranged according to the age of the mothers 
at the time of parturition, are shown in table 10. 
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As indicated in table 10, comparatively few litters were 
cast when females were not more than 3 months of age. 
Although the sex organs are capable of functioning at this 
age, the bodies of the females are not fully grown and so less 
able to nourish embryos than when they are more mature. 
The number of litters cast increased with the age of the 
mothers to the period of greatest productiveness, which came 

TABLE 10 


Litter production and litter size with their coefficients of variation in the second 
to the twenty-sixth generation of captive gray rats. Data arranged 
according to the age of the mothers at the time of parturition 


MOTHERS’ aoe 

IX MONTHS 

TOTAL NUMBER 

OF LITTER8 

AVERAGE SIZE 

OF LITTKR8 

COEFFICIENTS OF 
VARIATION FOR 
LITTER 8IZE 

3 

238 

5.42 

35.0 ±1.08 

4 

437 

I 5.98 

34.4±0.78 

5 

518 

6.29 

31.9±0.67 

6 

566 

, 6.33 

32.5±0.65 

7 

620 

i 6.37 

33.5 ±0.64 

8 

608 

! 6.55 

33.2±0.64 

9 

608 

1 6.38 

34.0±0.66 

10 

596 

6.40 

34.6±0.67 

11 

559 

6.06 

36.6±0.74 

12 

533 

6.14 

37.9±0.78 

13 

535 

6.37 

37.6 ±0.77 

14 

493 

6.00 

38.8±0.83 

15 

512 

6.10 

37.5 ±0.79 

16 

468 

5.93 

39.6±0.87 

17 

! 419 

5.98 j 

39.9±0.86 

18 

419 

5.72 

41.6±0.97 

19 

306 

5.29 

46.6±1.26 

20 

130 

5.20 

49.2±2.05 

21 + 

99 

5.18 

41.8±1.99 


8664 

6.10 i 

36.2±0.19 


when females were 7 months old, and then declined as the 
intervals between litters became longer. Few litters were 
cast after females reached the age of 20 months. Autopsies 
made on very old females some times disclosed embryos in the 
uterus that were being resorbed, probably because senility 
changes in the uterus so interfered with the nutrition of the 
young that they died at an early period of development. 
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The average size of the litters increased until the mothers 
were 8 months old, when the maximum (6.55) was attained 
(table 10). Subsequently litter size decreased slowly, and 
dropped to its lowest point (5.18) at the end of the series. 
The rise and fall in average litter size as the age of the mother 
advanced is shown by the graph in figure 11, constructed from 
data in table 10. 

A change in litter size as the age of the mother advances 
has been reported in other strains of rats (Crampe, 1883; 
Slonaker and Card, ’23; King, ’16 a, ’24), as well as in other 
polytocous mammals: guinea pig (Minot, 1891; Wright, ’22), 
rabbit (Hammond, ’14), and the pig (Hammond, ’14; Car- 
michael and Rice, ’20; Keith, ’30). 

This series of data for gray rats, covering the litter pro- 
duction of a large group of females, gives 6.1 as the average 



for litter size. This average is the same as that found in 815 
litters cast by albino females (King, ’24: table 1). The norm 
for litter size in albinos is usually given as seven. This esti- 
mation is based, for the most part, on random samplings of 
litters produced in colonies where females were bred only 
during the most active period of reproductive life and is there- 
fore too high, since it does not include the litters that might 
have been cast in the beginning and near the end of the normal 
reproductive period. The latter litters, as this and other in- 
vestigations have shown, are usually small as compared with 
litters produced when females are 5 to 9 months old. 

Variation in litter size was high regardless of the age of 
the mothers, as is indicated by series of coefficients of varia- 
tion given in table 10. Variation changed considerably, how- 
ever, as the age of the mothers advanced. It was slightly 
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below the mean in litters cast when females were very young, 
and significantly lower when females were at the height of 
reproductive activity at 5 to 9 months of age, deviations being 
more than three times their probable errors. When fertility 
began to decline, variation in litter size increased gradually, 
reaching its highest point in litters produced near the end of 
reproductive life. These changes in the variation of litter 
size as the age of the mothers advanced are very similar to 
those reported by Little (’33) in a strain of inbred mice. 

The age of the female, seemingly, is a factor that profoundly 
influences her entire reproductive life. It determines to a 
great extent not only the beginning and the end of her sexual 
activity, but also produces cyclic changes in litter production, 
in litter size, and in the variation of litter size. It may prove, 
also, to have an effect on the functioning of the germ cells, 
as Little (’33) has suggested is probable. 

THE SEX RATIO 

Little is known regarding the sex ratio in gray rats living 
in their natural habitat. The proportion of the sexes found 
in large numbers of trapped adults gives no information of 
value on the sex ratio in the newborn, since mortality during 
early postnatal life may have taken a heavier toll of one sex 
than of the other. 

Two small series of data have been recorded that give the 
sex proportions in the young of wild females brought into 
captivity: Miller (’ll) found a sex ratio of 82.1 males to 100 
females in fifty-one offspring of a caged wild female ; the sex 
ratio in 139 young obtained at the beginning of this investiga- 
tion from matings of wild rats was 98.6 males to 100 females. 
This evidence, meager though it is, indicates that a sex ratio 
below equality may be normal for wild rats. Since these 
animals are polygamous, a preponderance of females among 
them would not be detrimental to the survival of the race. 

Sex ratios for individuals in the first ten generations of 
captive grays were given in the former report on this strain, 
and discussed with reference to various factors that might 
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have influenced them. Data for sex distribution and for sex 
ratios in rats of later generations are given in table 11. 

The sex ratios in table 11 are discordant, and do not show 
any definite trend as the generations advanced. In many 
cases a high ratio in one generation is followed by a relatively 
low ratio in the succeeding generation, and there are no sig- 
nificant differences between ratios for successive generations 

TABLE 11 


Sex distribution and sex ratios in the eleventh to the twenty-sixth generation of 

captive gray rats 


GENERATION 

TOTAL. NUMBER 
OF INDIVIDUALS 

MALES 

FEMALES 

NUMBER OP MALES 
TO 100 FEMALE8 

11 

1538 

752 

786 

95.7±3.27 

12 

1827 

946 

881 

107.4±3.39 

13 

1877 

953 

924 

103.2±3.21 

14 

1906 

907 

999 

90.7±2.81 

15 

2225 

1128 

1097 

102.8±2.94 

16 

2343 

1171 

1172 

99.9±2.78 

17 

3109 

1561 

1548 

100.8±2.44 

18 

2986 

1458 

1528 

95.4±2.36 

19 

3746 

1823 

1923 

94.3±2.08 

20 

3472 

1716 

1756 

97.7±2.24 

21 

2719 

1311 

1408 

93.1 ±2.42 

22 

3329 

1659 

1670 

99.3±2.32 

23 

2971 

1495 

1476 

101.3±2.51 

24 

2905 

1412 

1493 

94.6±2.37 

25 i 

3387 

1634 

1753 

94.5±2.19 

26 1 

3232 

1572 

1660 

94.7 ±2.25 

11-26 j 

43572 

21498 

22074 

97.4 ±0.63 

1-10 j 

9505 | 

4680 

4825 

96.9 ±1.34 

1-26 

53077 ! 

26178 

26899 | 

97.3±0.57 


nor between any one ratio and that for the series as a whole. 
The ratio for individuals in the eleventh to the twenty-sixth 
generations is but slightly higher than that for the first ten 
generations, and for the combined series is below equality, 
being 97.3 males to 100 females. 

Figure 12 shows graphically the sex ratios for the first 
twenty-six generations of captive grays. 
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The lowest point in the graph of figure 12 is at the second 
generation, where the sex ratio falls to 81.9 males to 100 fe- 
males. Thereafter the graph tends to rise, reaching its high- 
est point (107 males to 100 females) at the twelfth generation, 
then declining gradually and ending in a nearly straight line 
which is below the level of the mean. A male excess among 
individuals is indicated at only eight of the twenty-six points 
in this graph, and there are no changes in it, except possibly 
the drop near its beginning, indicating that captivity per se 
affected the ratios in any way. 



Fig. 12 Sex ratios in different generations. 


Data for a series of stock albino rats, comprising the litter 
output of a group of individuals reared under the same condi- 
tions of environment and of nutrition as the early generations 
of captive grays, give a mean sex ratio of 105.2 ± 2.00 (King, 
’24). This ratio is significantly higher than that found in 
gray rats, the difference being 7.9 ± 2.08. The disparity in 
the sex ratios of these two strains must be due either to errors 
in recording the data or to differences inherent in the strains, 
since they cannot be ascribed to unlike conditions of life. 

Depletion of litters through destruction of stillborn young 
by adults in the cage is the most common source of error in 
litter records for rats. Such errors cannot be avoided, since 
parturition often occurs at night and some hours may elapse 
before the young are examined, but they have relatively little 
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effect on a large series of litter data, since the stillborn form 
but a small percentage of the young cast, as a rule. In 968 
litters of gray rats obtained at birth and known to be com- 
plete, the stillborn comprised but 1.2 per cent of the 6295 
individuals (King, ’35). This finding accords well with that 
of 1.3 per cent stillbirths in 31,670 albino rats (King, ’21). 
Since only 0.05 per cent stillbirths were recorded through the 
first twenty-six generations of gray rats, it is possible many 
stillborn young were devoured by adults in the cage before 
the litters were examined. In a former paper (Bang, ’21) it 
was estimated that the normal percentage of stillbirths in any 
strain of rats reared under favorable conditions of environ- 
ment and nutrition is probably not greater than 2 per cent. 
If, therefore, the number of young in the final summary of 
table 11 is increased to include 796 (1.5 per cent) stillborn 
young that, conceivably, might have been omitted from the 
records, with the sexes proportioned to give approximately 
the ratio among the 268 stillborn young recorded for the strain 
(111.8 males to 100 females), the data so adjusted would raise 
the final sex ratio in table 11 from 97.3 to about 97.5 males to 
100 females. Obviously the low sex ratio found in gray rats 
cannot be ascribed to the omission of stillborn young from 
the records, unless the number of such individuals greatly 
exceeded 2 per cent of the total and the sex ratio among them 
was unusually high. There are no valid grounds for either of 
these assumptions. 

In an investigation of the factors controlling fertility in 
the rabbit, Hammond ( ’14) found that the number of atrophic 
fetuses in females of various domesticated breeds greatly ex- 
ceeded that found in gravid wild females. He suggested that 
possibly one of the effects of domestication on this animal has 
been to increase the number of ova shed at each period, and 
at the same time to reduce the proportion of those which 
develop. In the gray rat, captivity over a considerable period 
of time has greatly increased fertility, but has not changed 
average litter size (table 8). If the number of ova shed at 
each period has been increased by domestication, then fetal 
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atrophy has increased also, or average litter size would not 
remain constant. It is known, from the investigations of 
Huber ( ’15) that many rat fetuses die soon after implantation. 
Such fetuses, as well as those that die at later stages of gesta- 
tion, are absorbed in situ and not aborted as in higher mam- 
mals, therefore the proportion of the sexes among them cannot 
be determined. 

Recent work in genetics has thrown much light on the cause 
of fetal mortality, by showing that germ cells frequently con- 
tain lethal or semi-lethal genes that either kill the embryos 
carrying them, or so reduce their vitality that they rarely 
survive. Such deleterious genes have been reported in mice 
(Little, ’19; de Aberle, ’27; Hagedoorn and Hagedoorn, ’28; 
Chesley, ’35; Kamenoff, ’35) and in the rabbit (Hammond, 
’33). An assumption that germ cells of gray rats contain 
genes that tend to kill or greatly reduce the vitality of em- 
bryos, particularly males, would offer a plausible explanation 
for the low sex ratio among the newborn. 

Since the sex ratio in gray rats is significantly lower than 
that in albinos, it may be of interest to compare the sex ratios 
in white races of man with those for colored races, chiefly of 
negro descent, when these races live side by side under the 
same topographical and climatic conditions, as shown in table 
12. This tables is based on one given by Parkes (’26), aug- 
mented by the inclusion of stillbirths in some entries. The 
probable errors of the sex ratios are given when the data seem 
to be sufficiently accurate to warrant their calculation. To 
this table has been appended the sex ratio for captive gray 
rats (table 11) and "that for the series of albino rats main- 
tained under the same environmental and nutritive conditions 
(King, ’24: table 1). 

In all groups cited in table 12 the sex ratios for black races 
are lower than those for white races. When judged by their 
probable errors, differences between corresponding ratios are 
significant for the data from Heape (’09) and from Little 
( ’20), but not for data given by Nichols ( ’07). Jastrzebski’s 
(’19) data, given in round numbers, cannot be considered as 
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reliable as those from other sources. In these groups, differ- 
ences between the ratios are probably not important, except 
in the data from the U.S.A. Parkes (’26) states that the 
lower sex ratios in black races seem to be a general phenom- 
enon that probably has some real basis. He considers it due 
to greater prenatal mortality in the blacks, among whom abor- 
tions and stillbirths are greater than in white races. The sex 
ratio in man, as in other mammals, seems to be one of the 
characteristics of the race that depends upon a number of 


TABLE 12 

Sex ratios in white and in colored races of man 


AUTHORITY 

LOCALITY 

WHITE RACES 

COLORED RACS8 

Number 
of indi- 
viduals 

Number of 
males to 100 
females 

Number 
of indi- 
viduals 

Number of 
males to 100 
females 

Heape, ’09 

Cuba 

70684 

108.4±0.39 

21028 

101.1±0.67 

Little, ’20 

New York 

1834 

118.3=hl.71 

1418 

96.1 ±1.76 

Nichols, ’07 

District Columbia 

71024 

107.3+0.54 

56034 

105.8±0.60 

Jastrzebski, ’19 

Cape Colony 

100000 

105.4 

100000 

102.6 


U.S.A. 

700000 

105.7 

12000 

100.0 


New York 

700000 

104.5 

10000 

101.6 


New Orleans 

12000 

102.0 

4000 

98.2 


District Columbia 

20000 

105.0 

9000 

100.0 


Sex ratios in 

albino and in gray rats 




j ALBINO RATS 

| GRAY RATS 

King, H. D. 

Wistar Inst, colony 

4992 

| 105.2 ±2.00 

53077 

| 97.3±0.57 


factors, some of which are genetic, others physiological or 
environmental. It is not improbable that the genetic consti- 
tution of a race may prove to be one of the most important 
of the various factors that affect the vitality of fetal young 
and so largely determine the sex ratio among the newborn. 

The hypothesis that litter size affects the sex ratio in poly- 
tocous mammals is one of long standing, and various series of 
data have been recorded both for and against it. An arrange- 
ment of data for gray rats to indicate the relation between 
litter size and the sex ratio is shown in table 13. 
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Litters containing more than twelve young are included in 
table 13 merely to complete the records. They are too few 
to be of value statistically, and the ratios are not in accord 
with those for other litter groups. 

The great majority of litters in this series contained from 
four to eight young, and the sex ratios for these groups vary 
little from each other or from the ratio for the series as a 
whole. In litters of one and in litters containing eleven or 
twelve young the sex ratios are considerably lower than those 


TABLE 13 

Litter size and the sex ratio in the second to the twenty-sixth generation of 

captive gray rats 


LITTER 

SIZE 

NUMBER Or 
LITTERS 

j NUMBER OF 
! INDIVIDUALS 

1 

MALE8 

i 

FEMALK8 

NUMBER OF MALES 
TO 100 FEMALE8 

1 

69 

; 69 

33 

j 36 

91.7±14.94 

2 

343 

| 686 

340 

346 

98.3 dt 5.06 

3 

725 

2175 

1061 

1114 

95.2 ± 2.75 

4 

1017 

4068 

2027 

2041 

99.3 d: 2.09 

5 

1251 

6255 

3048 

3207 

95.0± 1.62 

6 

1666 

9996 

4989 

5007 

99.6± 1.34 

7 , 

1284 

8988 

4437 

4551 

97.5+: 1.38 

8 

1031 

8248 

4089 

4159 

98.3 zt 1.46 

9 

677 

6093 

2974 

3119 

95.4 ± 1.65 

10 

373 

1 3730 

1 1844 

1886 

97.8± 2.16 

11 1 

140 

| 1540 

739 

801 

92.3± 3.17 

12 j 

64 

! 768 

362 

406 

89.2 ± 4.34 

13 

16 

j 208 

112 

96 

116.7dil0.95 

14 

6 

! 84 

42 

42 

100.0±14.73 

15 

2 

! 30 1 

12 

18 

66.6±16.74 

1-15 

8664 

| 52938 

26109 

26829 ] 

97.3 ± 0.57 


for the other litter groups, but the differences are not im- 
portant statistically. Data in table 13 do not indicate any 
definite relation between litter size and the sex ratio in gray 
rats, and so are in agreement with the findings for many 
other mammals : albino rat (King and Stotsenburg, ’15 ; mouse 
(Parkes, ’26 b) ; deer mouse (Sumner, McDaniel and Huestis, 
’22) ; guinea pig (Ibsen, ’22; Schott and Lambert, ’30; Haines, 
’31) and the pig (Parker and Bullard, ’13; Machens, ’15; 
Parkes, ’23). 
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It has been shown that in each of four different strains of 
rats the sex ratio changed in a similar way as the litter series 
advanced (King, ’24: table 8). This finding seems to indi- 
cate that the age of the mother has some influence on the sex 
ratio in her newborn young. As a further test of this assump- 
tion, litter data for gray rats were arranged according to the 

TABLE 14 


Sex distribution and sex ratios in the second to the twenty sixth generation of 
captive gray rats. Data arranged according to the age of the 
mothers at the time of parturition 


MOTHER'S AGE 

IN MONTHS 

TOTAL NUMBER 
OF INDIVIDUALS 

MALES 

FEMALES 

NUMBER OF MALES 
TO 100 FEMALES 

3 

1291 

661 

630 

104.9±3.94 

4 

2613 

1322 

1 1291 

102.4+2.70 

5 

1 3262 

1633 

1629 

100.2+2.37 

6 

3582 

1758 

1824 

96.4±2.17 

7 

I 3955 

1965 

1990 

98.7+2.12 

8 

3984 

1977 

1 2007 

98.5+2.10 

9 

1 3881 

1923 

1958 

98.2+2.11 

10 

3815 

1885 

1930 

97.7+2.13 

11 

| 3389 

1716 

1673 

102.6+2.37 

12 

1 3277 

1647 

1630 

101.0+2.38 

13 

3309 

1641 

1668 

98.4+2.25 

14 

1 2960 

1407 

1553 

96.6+2.26 

15 

3126 

1542 

1584 

97.4+2.34 

16 

2777 

1331 

1446 

92.1+2.36 

17 

1 2510 

1226 

1284 

95.5+2.57 

18 

2397 

1169 

1 1228 

95.1+2.62 

19 

1620 

751 

869 

86.4+2.90 

20 

677 

314 

363 | 

86.5+4.49 

21 + 

513 

241 

, 272 

88.6+5.28 


52938 

26109 

26829 

I 97.3+0.57 


age of the mothers at the time of parturition, and the sex 
ratios calculated. The series of ratios thus obtained is given 
in table 14. 

Males outnumbered females in litters cast when mothers 
were from 3 to 5 months of age, and also in litters born when 
the mothers were 11 and 12 months old. At all other age 
periods of the mothers litters contained an excess of females, 
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this excess being most marked in offspring produced near the 
close of reproductive life (table 14). The change in the sex 
ratio as the age of the mother advanced is shown by the graph 
in figure 13, which was constructed from data in table 14. 

Beginning relatively high, the graph in figure 13 falls gradu- 
ally for a time, rises again at the middle of its course, and 
then declines until its end. This cyclic change in the sex ratio 
with the advancing age of the mothers is very similar to that 
found in the four strains of rats, mentioned above, where data 
were arranged by parity. The accord in these various series 
of ratios can hardly be a matter of chance, although in none 
of them are differences between the ratios in various groups 
important when judged solely by their probable errors. 



Fig. 13 Age of the mothers and the sex ratio in the young. 


Few of the studies on lower mammals in which data have 
been analyzed with reference to the relation between the age 
of the mothers and the sex ratios in the young have given 
consistent results, since the data were obtained, for the most 
part, by the method of ‘random sampling,’ and therefore do 
not cover the complete breeding records for a given group of 
females. Investigations on the guinea pig, made by Ibsen 
(’22), showed a difference of 6.06 times the probable error 
between the sex ratio in young from mothers 8 months old 
and that in offspring of females 15 months of age. In later 
data obtained from this animal, Ibsen and Burhoe ( ’28) found 
no relation between the age of the mother and the sex ratio 
in the young, “thus furnishing proof that results biometrically 
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significant do not always receive biological verification.” The 
more extensive series of data for the guinea pig, given by 
Kroning (’34), shows that the sex ratio tends to decrease as 
the age of the mother advances. This investigator explains 
his findings in accordance with the old Hofacker-Sadler hy- 
pothesis that the sex ratio in the young is influenced by the 
relative age of the parents. 

In the large and carefully compiled series of data for 
Flemish and for Swedish breeds of cattle, summarized by 
Johansson (’32: table 6), the general trend of the sex ratio 
in each series is cyclic, and much like that in table 14, except 
that the ratios are relatively low in the early born young. In 
Johansson’s series, as in these for gray rats, differences be- 
tween ratios are not important statistically, therefore the 
findings can be considered merely as suggestive. 

Literature contains numerous references to investigations 
on the sex ratio in various races of man, based chiefly on data 
from governmental registrations of vital statistics and on 
geneological or hospital records. In many of these studies 
the results accord in showing that the sex ratio is very high 
for first births and then tends to fall as the age of the mother 
advances (Diising, 1884; Rosenfeld, ’00; Newcomb, ’04; Pun- 
nett, ’04; Lewis and Lewis, ’06; Siegel, ’17 ; Parkes, ’24, etc.). 
The usual explanation given for this change in the sex ratio 
is that there is an increase in the prenatal mortality of males 
as the mothers grow older, but why this increased mortality 
occurs is not known. Age changes in body metabolism, in the 
structure of the uterus or in hormone secretions affecting 
reproductive processes probably affect the vitality of fetal 
young, and may tend to eliminate more males than females. 
However, until more light has been shed on the effect of such 
factors, it wall be useless to speculate as to the cause for the 
change in the sex ratio of the young as the age of the mother 
advances. 
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MORTALITY 

No attempts were made to determine the potential duration 
of life in gray rats, since it seemed more important to ascer- 
tain the condition of various body organs before senility had 
altered them. 

In all generations, the study of life processes was termi- 
nated when rats reached the age of 20 months, and a stated 
number of individuals given to Doctor Donaldson for a deter- 
mination of organ weights. Exceptions were made in the 
case of females that were unusually vigorous and had cast 
litters when they were over 19 months of age. Such females 
were housed with young males, and not killed until their re- 
productive activity had ended in order that the series of litter 
data might be complete. 

Mortality at birth was very low in all generations, and only 
268 stillbirths were recorded among the 53,077 young born in 
the first twenty-six generations. Mortality among the young 
during the suckling period decreased considerably after the 
tenth generation. By this time females were so well adjusted 
to conditions of captivity that they rarely destroyed their 
offspring returned to the nest after they had been removed 
for examination, and nests were less frequently disturbed by 
other inmates of the cage. Offspring were destroyed or ne- 
glected only when the mother was in poor physical condition, 
or when one or more of her nipples had been injured by the 
young when suckling. 

Table 15 gives mortality data for the eleventh to the twenty- 
fifth generation, with a summary of the records for the entire 
series grouped to indicate the general trend in mortality rate 
as the generations advanced. 

In later generations the mortality rate in both sexes was 
low during the first year of life, the relatively high percentage 
(11.9) in the twenty-third generation being due to the acci- 
dental killing of four young females (table 15). Mortality 
increased greatly after the rats were a year old, and only 
79.9 per cent of males and 76.6 per cent of females lived to the 
age of 20 months. 
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The summary of data in table 15 shows no general trend 
in the mortality rate at 12 months in either sex. In males, 
the lowest rate (2.8 per cent) comes for individuals in the last 
group, while in females the rate for this group is high (4.2 
per cent) only because of accidental deaths. In both sexes, 
however, the mortality at 20 months tended to decrease as 
the generations advanced. In males of the last group, mor- 
tality was 18.7 per cent below that in the first group; in fe- 
males it was 15.9 per cent less. Conditions of life in captivity . 
thus tended to prolong the average life span of the individuals, 
possibly because they received more adequate nutrition and 
were protected from various diseases prevalent among wild 
rats living in their natural habitat. 

The main causes of death among older individuals were the 
lung infection, commonly called ‘pneumonia,’ and tumors of 
various kinds. Pneumonia rarely attacks rats until they are 
a year old, and males seem more susceptible to it than females. 
Autopsies made on rats 20 months old have shown very few 
individuals that were entirely free of this disease. Tumors 
occur mainly in females, and are usually found in the ovaries 
or mammary glands. The latter growths, when small, can be 
removed easily, and rarely return. Cancer has appeared but 
rarely in this strain, as it has been found only in one male 
and in three females. Gray rats are very resistant, appar- 
ently, to the middle-ear infection commonly found in other 
strains of rats. Only eight of 2737 individuals reared for 
study developed this disease, and in two of these cases it could 
be attributed to the fact that gray females were serving as 
‘foster mothers’ to young from an albino strain in which many 
individuals were affected. 


BEHAVIOR 

After 14 years of life in captivity the behavior of gray rats 
had changed so greatly that many of the obnoxious traits ex- 
hibited by the early descendants of feral animals had dis- 
appeared. These changes in behavior occurred so slowly, 
however, that there was no noticeable difference in the conduct 
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of individuals in any two succeeding generations, although 
a comparison of the behavior of rats in early and in late 
generations indicates clearly the striking modifications that 
occurred. 

A high nervous tension and extreme fear of man was shown 
by all rats in early generations. They ran wildly about the 
cage even at the approach of colony workers to whom they 
were accustomed, and constantly gnawed the wire netting and 
other parts of the cage in their efforts to escape from con- 
finement. When the cage door was opened the rats often 
jumped directly at the face of the person who thus seemed 
to offer them a way to freedom. An escaped rat, when cap- 
tured, showed marked evidence of fear, trembling and clicking 
its teeth, and sometimes on being returned to the cage lay 
inert for a few moments and then died. At this time con- 
siderable difficulty was experienced in rearing the young. If 
a nest was disturbed at or soon after the birth of a litter, the 
mother usually destroyed her offspring. If the members of a 
litter were removed from the nest, even when they were sev- 
eral days old, only the exceptional females would care for 
them on their return. Many litters, therefore, had to be reared 
by foster mothers from other strains. 

After the rats had become adjusted to new conditions of 
life, their fear of man and nervous tension decreased greatly. 
A rat that escaped from the cage displayed little resistance 
on being captured, and its behavior was normal when it re- 
joined the family group. As a rule, rats remained quiet when 
the cage door was opened, even when they were being in- 
spected by strangers. Many of them came to the front of the 
cage at the approach of the feeding truck, and would take 
food offered through the wire netting of the door. Females no 
longer resented inspection of their offspring, and took excel- 
lent care of them. If newborn young were removed from the 
nest for examination, they would be cared for on their return. 
Many females would rear litters from other strains if they 
were barred from the nest until the young had acquired the 
nest odor. However, alien young were always killed if the 
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female had access to them as soon as they had replaced her 
own offspring. 

Two of the outstanding traits exhibited by individuals in 
early generations still persisted at the twenty-fifth generation. 
Adults continued to show pronounced antipathy to individuals 
from other litters placed in their cage, and promptly attacked 
and usually killed them unless special precautions were taken, 
as described in the previous report. Even these devices were 
not always effective. This treatment of strangers seems to 
indicate a retention of the primitive instinct to protect the 
nest from all entrants not members of the family group. The 
‘killer’ instinct, discussed in a previous section, has been 
shown by gray rats of all generations, especially by large 
males. This trait is doubtless of advantage to the species, 
since the elimination of smaller and weaker individuals in- 
sures that the largest and most vigorous animals will be the 
progenitors of the succeeding generation. In late generations 
it was no longer necessary, though often expedient, to stupefy 
rats with ether when they were removed from the cage for 
weighing, as they could be picked up by the tail with long 
forceps but not with bare hands. 

As this investigation was designed to study the effects of 
captivity on gray rats, no attempts were made to tame any 
of the rats used in this work so that they could be handled 
as are the rats of various strains maintained for general 
laboratory purposes. "While captivity over many years had 
accustomed these rats to receiving their food from man and 
to his presence, their innate fear of him did not decrease to 
the point where they would willingly submit to being held by 
bare hands. Gray rats can be tamed more easily, perhaps, 
than any other feral animals, if one has the required patience 
and understanding of their temperament. Two young rats 
from the third generation were taken to another colony by 
Miss Ruth Meeser, of The Wistar Institute, and rendered so 
tame that they showed no vicious traits when adult, although 
they were always nervous in the presence of strangers and 
could be handled only by Miss Meeser. More recently, a num- 
ber of young gray rats were given to Miss Meeser for taming, 
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and she succeeded in making them quite as gentle as are 
stock albinos. These tamed rats were then used in experi- 
ments requiring daily injections of solutions through the ab- 
dominal wall. They submitted to these injections as readily 
as do albinos, even though they were held by bare hands. 
Gray rats, therefore, can now be used for all forms of experi- 
mental work. Large, vigorous, and seemingly little susceptible 
to certain diseases prevalent in other strains of rats, they 
should be valuable for laboratory work in which it seems 
desirable to use individuals from a pure strain of known 
ancestry. 

MUTATIONS 

Several mutations affecting the color or the structure of the 
hair appeared in captive gray rats during the period covered 
by this report. As only a brief report of these mutations has 
been published (King, ’32), a more detailed account is given 
here, including genetic studies made to determine the mode 
of inheritance of certain types. 

One of the six wild gray females (2) used as foundation 
stock for the colony had a small spot of white hair on the 
ventral surface of the body between the forelimbs, similar in 
size and position to the spot shown in figure 14. This female 
was mated with a wild male (2), presumably a brother since 
the two rats were trapped at the same time and appeared to 
be the same age. From the matings of this pair of rats 
twenty-nine young were obtained, of which seventeen had a 
patch of white hair on the ventral surface varying in size 
from a mere dot to a spot no larger than that in figure 14. 
Experiments were then begun to determine whether the 
amount of white in coat could be increased by selective breed- 
ing. For two generations rats having white spots were inbred, 
brother and sister. Subsequent matings were made between 
individuals with the greatest amount of white in their coats, 
regardless of their relationship. 

During early generations there was but little increase in 
the size of the white area, but in the sixth generation indi- 
viduals appeared with irregularly shaped patches of white 
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covering the space between the forelimbs (fig. 15). Later the 
white was extended, and in some cases a second white spot 
appeared (fig. 16). Matings of these rats produced some off- 
spring with a long streak of white in the midventral region 
of the body (fig. 17). In the fifteenth generation a litter was 
obtained in which three of the individuals, one male and two 
females, were typical ‘Irish’ rats in that the four feet, the 
tip of the tail, and the ventral surface were covered with 
white hair (fig. 18). Presumably at this point the self factor 
(H) changed to its allelemorph (h 1 ), a reverse change to that 
found in experiments made by Castle and Phillips ( ’14) with 
hooded rats where the hooded factor (h) changed to h 1 . When 
‘Irish’ rats were inbred they produced some offspring like 
themselves and others in which the white area was extended 
up the sides of the body (fig. 19). Descendants of the latter 
rats had coat patterns showing but slight variations from that 
in figure 20. Gray hooded rats were kept in the colony for 
some 3 years, but no further attempts were made to increase 
the amount of white in the coat through selective breeding. 
Matings of these rats with black hooded rats from a strain 
that had bred true to type for many years produced only gray 
hooded young, indicating that the hooded pattern in the two 
strains was due to the same gene mutation. 

Some years ago Castle and Phillips ( ’14) carried out an 
extensive series of experiments in order to study the effects 
of selection on the coat pattern of black hooded (piebald) rats. 
These experiments, which were continued through twenty 
generations, were divided into two series ; in one series selec- 
tion was made in a plus direction, and in the other series in 
a minus direction. At the end of the experiments individuals 
in the plus series were black except for a small area of white 
on the ventral surface, similar in its position to the spot shown 
in figure 14. In individuals of the minus series black was 
restricted to the head region. Castle’s (’19) final conclusions 
regarding the results of this work were that alterations in the 
coat pattern were not due to changes in the gene for the 
hooded pattern, but to residual heredity. Selection had uti- 
lized the minor genetic changes that are occurring continually 
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to “move the racial mode and mean either in a plus or in a 
minus direction without encountering impassible limits short 
of an all white or an all black condition” (Castle, ’31). 

In light of Castle’s work, it seems probable that a hooded 
mutation occurred at some period in the ancestry of the wild 
rats from which gray hooded rats were derived by selective 
breeding. Evidently breeding under natural conditions, and 
the action of plus modifiers, had kept recessive the hooded 
pattern in the wild stock, but not effaced the gene for spotting 
which manifested its presence only in the coat of the female, 
as the male with which this female was mated had no white 
in his hair. By selective breeding through a number of gen- 
erations plus modifiers were gradually eliminated, or rendered 
inactive, and the white area increased until the typical hooded 
pattern was restored. 

Aside from the hood strain, developed among the descend- 
ants of one pair of wild rats, captive grays bred true to type, 
as far as known, for a period of 7 years, during which time 
over 10,000 young were born and many hundreds of them 
reared to an age when coat characteristics were well defined. 

In the eleventh generation one of four females, mated to a 
brother, cast a total of forty-five young of which eleven died 
at or a few days after birth so their coat color could not be 
determined. The remaining thirty-four individuals comprised 
twenty-four normal grays and ten mutant blacks. The first 
mutant, a male, appeared in a litter of four, born when the 
mother was 15 months old. Although sisters of the female 
that cast black young were mated to the same sire, no mutants 
appeared among their progeny, nor has this mutation ap- 
peared a second time in the strain. These mutants were a 
very intense black on the dorsal side of the body, and a dark 
slate color on the ventral side. There was no change in their 
color for a period of about 4 years. Then individuals ap- 
peared in which white hairs were scattered through the coat 
and among the vibrissae. These white hairs were especially 
numerous on the sides of the body, and in some cases were 
found in groups of three to six. Possibly a ‘silver’ mutation 
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occurred in these rats, similar to that found in the mouse 
(Dunn and Thigpen, ’30), but no genetic tests of this assump- 
tion were made. Later the hair in some individuals had a 
distinctly brownish tinge, but inbreeding through several gen- 
erations did not change the coat color to that of the non-agouti 
brown or chocolate rat. 

Routine examination of newborn litters of the thirteenth 
generation disclosed three individuals in which the eye color 
seemed somewhat lighter than that normal for gray rats. 
Rearing these rats, which belonged in a litter cast when the 
mother was 16 months old, revealed a second mutation in the 
strain, ruby-eyed dilute. Two more of these mutants appeared 
in a later litter from the same parents, making a total of five 
mutants in thirty-four young. Normal young from these 
litters were reared and used for breeding. As expected, a 
number of ruby-eyed dilutes appeared among their descend- 
ants in later generations. Matings of these mutants with 
ruby-eyed descendants of the first rats of this type, which 
were discovered by Whiting (Whiting and King, ’18), gave 
only ruby-eyed dilute young. These two mutations from un- 
related gray stocks were due, therefore, to the same recessive 
gene which dilutes pigmentation in the eyes as well as in the 
coat. 

A third mutation, albinism, was discovered in two rats of 
the fourteenth generation through the color of the eyes at 
birth. These mutants were members of the fifth litter cast 
when the mother was 14 months old. There were no other 
mutants among her forty-five offspring. Sisters of this fe- 
male mated to other males produced only gray young, but 
albinos were found among their descendants during several 
succeeding generations. 

The next mutation found, curly (Cu), was a type not pre- 
viously recorded in rats, although subsequently two mutations, 
phenotypically similar but genetically different, were discov- 
ered; kinky (k) by Feldman (’35), and curly 2 (Cu 2 ) by 
Gregory and Blunn (’36). Curly is a dominant mutation that 
affects hair structure, not its color. It eliminates or greatly 
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reduces the size of the guard hairs with the exception of a 
few around the head, and causes a bend or twist in all hairs 
of the body including the vibrissae. Because of the modifica- 
tion of the vibrissae, this mutation can be detected in very 
young rats. The characteristic curl of the hair becomes very 
pronounced when the rats are 2 weeks old (fig. 21), and the 
vibrissae are then spiral or bent inward and hooked at the 
ends (fig. 22). When the rats are about 25 days old the curl 
begins to disappear and soon the coat looks much like that in 
normal rats, although it has a soft downy appearance be- 
cause of the absence of guard hairs (fig. 23). This change in 
the coat is due probably, as Feldman (’35) has suggested, to 
the fact that the vigorous pelages of young adults are able to 
overcome in a large measure the destructive effects of the gene. 

The curl reappears in the hair of the mid-dorsal surface 
when the mutants are about 7 months old (fig. 24), and in the 
course of 2 or 3 months has extended over the entire coat. 
This mutation shows its most pronounced effects in old rats 
where the entire dorsal surface is covered with very curly 
hair (fig. 25). On the ventral the longer hairs tend to break 
off or to disappear in various places, thus showing patches of 
skin between ridges of curly hair (fig. 26). 

A histological examination of sections of the skin of curly 
mutants of various ages disclosed no apparent abnormality 
in the hair follicles. The wavy appearance of the coat seems 
to be due to the fact that at intervals along the shaft the 
cortical layer of the hair becomes very thin, and a bend or 
a twist occurs at these points. 

This mutation was first discovered in a male of the seven- 
teenth generation, born when the mother was 6 months old. 
Early changes in the pelage had not been noted, but the un- 
usual appearance of the coat when the curl had returned after 
the ‘latent’ period aroused suspicion that a new mutant type 
had appeared. Fortunately, this male had sired a litter which 
had been saved for study. The four females in this litter had 
normal coats; the two males were curly. Nine litters were 
obtained from the matings of these curly males with five nor- 
mal gray females, two of which were their sisters. These 
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litters contained sixty-two young of which eight were still- 
born. Of the fifty-four living young, twenty-five were curly 
and twenty-nine were normal. The proportion of normal and 
mutant young was thus near the 1 to 1 ratio to be expected 
when one parent is a heterozygous dominant. Normal rats 
from these litters, when inbred, produced only normal young. 
Breeding the curly rats inter se gave eighty-nine litters with 
a total of 544 young of which twenty-eight were stillborn. As 
many of the young died shortly after birth, coat character- 
istics could be determined for only 266 individuals, of which 
181 were curly and 85 normal. Among the curly rats there 
were 82 males and 99 females, so the mutation is autosomal 
and not sex linked. The number of curly rats in these litters 
was below the number (199) to be expected, but doubtless 
there was an excess of curly rats among the individuals that 
died young, since these mutants showed the same lack of 
vitality and vigor that has been found in other mammals in 
which morphological variations have; appeared. 

From the breeding tests described above it is evident that 
curly is a mendelian dominant differing from smooth coat by 
a single gene. Rats heterozygous for curly show the mutant 
characteristics in a somewhat less degree than do homozy- 
gotes. In them the period when the coat is barely distinguish- 
able from that in normal grays is longer, and in older animals 
the wave in the hair is less pronounced than it is in homozy- 
gotes of like age. 

A strain of curly mutants was developed for study and for 
experimental use. In the early generations curly rats were 
much inferior to normal grays in fertility and in vigor, and 
mortality among the young was excessive. After sufficient 
mutants were available to make possible a rigid selection of 
breeding stock there was a marked increase in fertility, mor- 
tality among the young decreased, and adult individuals com- 
pared favorably with normal grays in size and vigor. 

Structural modifications that produce curly or wavy hair 
occur in many mammals, including man. When the hair be- 
comes very curly or wooly, the gene responsible has been 
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found to be a dominant, as is the case in various ulotrichous 
races of man, in European races of white stock (Mohr, ’32; 
Schokking, ’34), in karakul sheep (Macalik, ’32; Tanzer, ’32), 
in swine (Rhoad, ’34), in caracul mice (Carnochan, ’37 ; Dunn, 
’37), as well as in curly and curly 2 rats (King, ’32; Gregory 
and Blunn, ’36). On the other hand, if the wave in the hair 
is slight or tends to disappear with advancing age, the muta- 
tion, seemingly, is always a recessive, as in the rex rabbit 
(Castle, ’29), kinky rats (Feldman, ’35), and wavy mice 
(Crew, ’33; Keeler, ’35). 

After the appearance of the curly mutation it was decided 
that an accumulation of mutant genes in the stock was un- 
desirable, since such genes might possibly affect growth or 
other life processes in individuals carrying them. Therefore, 
from the eighteenth generation, all litters reared were off- 
spring of parents that, according to the breeding records, did 
not carry any of the mutant genes known to be present in the 
strain. To facilitate the elimination of such genes, indi- 
viduals in all litters reared in the twenty-first to the twenty- 
fifth generations were inbred brother and sister. 

No new mutations appeared in the strain until the twenty- . 
second generation, when several rats, offspring of brother and 
sister matings, were found to have more brown pigment in 
their coats than is present in typical gray rats. Inbreeding 
these rats gave young of which approximately one-fourth 
were brown agouti, or cinnamon. This mutation had not been 
reported previously in rats, although it was known in other 
rodents (Castle, ’31). Breeding tests showed that cinnamon 
is a simple mendelian recessive, in which brown pigment re- 
places black throughout the coat (King, ’32). Crossing cinna- 
mon rats (AbCH) with pure blacks (aBCH) gave only normal 
gray young. Inbreeding the F,’s from this cross gave non- 
agouti brown or chocolate rats (abCH). 

Captive grays have bred true to type since the appearance 
of the cinnamon mutants. However, two other variations 
from the normal type have been found in mutant strains, 
aside from the possible ‘silver’ mutation in black rats. The 
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waltzing character (w), long known in mice (Yerkes, ’07) and 
reported in other species of rats by Bonhote (’12) and by 
Hagedoorn and Hagedoorn (’22), appeared in the fourth 
generation of mutant albinos (King, ’36). Another new muta- 
tion, which has been designated ‘stub’ (st), was found in the 
eighth generation of cinnamon rats. Stub is a simple men- 
delian recessive that has a very deleterious effect when in a 
homozygous condition. It reduces the number of tail verte- 
brae, frequently produces malformations in the posterior re- 
gion of the body, markedly affects the viability of the young 
and greatly retards body growth in individuals that survive. 
A full account of this mutation will be published elsewhere. 

There is little in the breeding history of gray rats to sup- 
port an assumption that genes for these various mutations 
were present in the foundation stock and remained latent until 
chance matings brought them to light. The hooded gene, as 
shown above, was carried by one pair of wild rats (female 2: 
male 2), so this mutation requires no further comment. All 
other feral rats that bred in captivity produced only normal 
gray young, as far as known. The Fj generation comprised 
twenty-one litters containing 139 young, of which 106 were 
raised t6 maturity. These litters, as well as those born in 
later generations, were carefully examined at or soon after 
birth, in order to detect any structural anomalies or any varia- 
tions in coat color that might be disclosed through changes 
in eye pigmentation, such as albinism or ruby-eyed dilute. 
Since black rats cannot be distinguished from grays until the 
pelage develops, this mutation might have escaped detection 
in early generations. 

Although most of the offspring of wild rats were reared by 
albino foster mothers, all of them were as savage and as 
difficult to care for as were their parents. Tests made indi- 
cated that individuals that had been reared apart would not 
always live together amicably when adult. Therefore, to avoid 
the loss of valuable animals, it was deemed advisable to keep 
members of the same litter together, whenever it was possible 
to do so. All Fj individuals were inbred, brother and sister, 
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with the exceptions noted below. Aside from the rats carry- 
ing the hooded gene, no mutants were found among the 857 
individuals comprising the F 2 generation. Any simple re- 
cessive color genes present in the foundation stock would have 
manifested their presence in the second generation, unless 
they were carried by female 1 and her mate, whose offspring 
could not be inbred. 

It may be of interest to record some data regarding the 
first pair of wild rats, since their descendants have been domi- 
nant in the strain from early generations. Female 1 was 
brought to the laboratory in February, 1919, having been 
trapped in an abandoned stable in the outskirts of Philadel- 
phia. She was approximately 6 months of age when captured, 
and was conspicuous from arrival because of her ferocity. 
She killed the first and second male with which she was housed, 
although both were larger than herself. The third attempt 
to mate her was successful, the male being a young adult cap- 
tured in March, 1919. Their progeny comprised twenty-five 
young with the unusual sex ratio of three males and twenty- 
two females. All of these offspring were reared, with the 
exception of one female which died when about 2 weeks old, 
and all were normal grays. Eleven females in these litters 
were housed with their three brothers for several months, but 
no young were obtained. Ten females were mated with excess 
males from litters of the third pair of wild rats. As inbreed- 
ing the other offspring of wild female 3 and her mate gave 
fifty-eight normal gray young, this pair of wild rats did not 
carry genes for any of the recessive color mutations that later 
appeared in the strain. 

Rats of the second generation were far better adjusted to 
conditions of captivity than were their parents. Individuals 
of one litter could be housed with those from other parents, 
with few casualties resulting. From this time until the twenty- 
first generation, few matings were made between rats that 
were very closely related. The young obtained by mating 
female offspring of the first pair of wild rats with males from 
litters of the third pair were so noticeably larger and more 
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vigorous than other rats in the F 2 generation, that many of 
them were reared and crossed with progeny from other wild 
rats. Selection of the best litters in each generation to propa- 
gate the race tended to preserve the descendants of female 1 
and her mate, and at the ninth generation they comprised 
nearly 88 per cent of all individuals in the strain. On tracing 
the pedigrees of the various mutant types that appeared, it 
was found that in each case the line of descent went back, 
unbroken on the maternal side, to the first pair of wild rats. 
Our present concept of the mechanism of inheritance does not 
permit of an assumption that this pair of apparently normal 
gray rats could have carried genes for all the recessive color 
mutations found. The dominant curly gene would have mani- 
fested its presence in the F! generation if it had been carried 
either by female 1 or by her mate. Considering the fact that, 
aside from the hooded rats, captive grays bred true to type 
until the eleventh generation, I am of the opinion that these 
various mutations had their origin in gene changes that 
occurred after the strain had been in captivity for several 
years. 

Recent work in genetics has shown that gene mutations can 
be induced by x-rays, radium and other media, but as yet the 
agencies are unknown that cause such mutations in animals 
living under natural conditions, or in those maintained in 
laboratories under fairly uniform conditions of environment 
and nutrition. The suggestion, advanced years ago, that age 
changes in the variability of the germplasm may have an 
important role in the production of such mutations did not 
receive much support until Little ( ’33) cited various series 
of data indicating that there is an age-variability relation not 
only in the reactions of somatic tissues, but in the germ cells 
as well. Thus young and old mice exhibit an increased toler- 
ance of tumor transplants as compared with that of young 
adults (Little, ’20; Strong, ’22). Variability in the litter size 
of inbred mice, as shown by coefficients of variation, changes 
with the age of the mother, being very high among the early 
litters cast, decreasing to a base level and subsequently rising 
in litters produced toward the end of the reproductive period. 
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In full accord with these findings for mice is the series of 
coefficients for litter size in captive gray rats, as given in 
table 10 of the present paper. Little ( ’33) states, “on a priori 
grounds there is no reason why the germ cells, as an organiza- 
tion, should not also show a durational phase in its various 
activities.” In this connection Bridges (’29) has given data 
indicating that in Drosophila crossing-over varies with the 
age of the mother, the greatest variation being shown by very 
young and by very old females. Haldane and Crew (’25) 
found that in poultry linkage between two dominant sex- 
linked factors in males decreased steadily and had practically 
disappeared by the third year. This finding, they say, “is of 
interest as pointing to pre-senile changes in the behavior of 
the dividing nucleus, and as being the clearest case so far 
recorded in vertebrates of a change with age of the ‘germ- 
plasm’ of an individual.” 

That very young and very old germ cells may function more 
variably than do those of the middle age period seems further 
substantiated by the fact that in man some types of defects, 
which seemingly have an hereditary basis, are found more 
commonly among children of young mothers, while other 
types appear more frequently among the late-born. Pearson’s 
( ’14) analysis of a large series of data relative to the relation 
of the order of birth to various defects showed that congenital 
cataract, albinism, mental defects, tuberculosis and criminal- 
ity have a particular tendency to occur among the first or 
second children. On the other hand, Mongolism shows a dis- 
proportionate frequency among the late-born, particularly in 
large families, as many investigators besides Pearson have 
shown (Langdon-Down, ’06; Davenport and Allen, ’25; Van 
der Scheer, ’27; Penrose, ’32, ’33; Murphy, ’36, etc.). 

In the further development of his thesis Little (’33) also 
states : 

It might well develop that tendency to mutation, which in 
itself is an indication of variability, would be greater in very 
young and in very old germ cells. If this were true, domesti- 
cation, in which very young and very old animals, protected 
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from the competitive factor of natural selection, are used as 
parents, would provide a far greater chance for mutations to 
occur than would natural conditions. 

In this hypothesis may lie the explanation for the appearance 
of various mutations in captive gray rats after they had been 
under domestication for several years. 

In early generations the breeding of gray rats was restricted 
mainly to the middle and most active period of reproductive 
life, therefore germ cells in young and old individuals had 
little chance to function. Females of the first nine generations 
did not cast their first litters until they were, on the average, 
over 7 months of age, and reproductive life averaged less than 
8 months. In the period when mutations appeared breeding 
began at an earlier age and was continued much longer than 
in earlier generations (table 7). Three of the mutant types 
obtained, black, albinism, and ruby-eyed dilute, first appeared 
in litters cast by females that were from 14 to 16 months old, 
and so near the end of reproductive life. The first curly 
mutant was born when the mother was about 6 months of age. 
These findings, although forming but a very small series, are 
in accord with Little’s hypothesis. Other investigations along 
this line may further confirm it. It may be true that “muta- 
tions are accidents and accidents will happen” ( Sturtevant, 
’37), but to ascertain the basic cause of such ‘accidents’ still 
remains a major problem of genetics. 

A general discussion of the effects of captivity on gray 
Norway rats is deferred until the final report, which will be 
given when data for the fiftieth generation have been obtained. 

SUMMARY 

The following summary of life processes in gray Norway 
rats during fourteen years of captivity covers the findings 
through the twenty-fifth generation. The data analyzed com- 
prise a total of 8685 litters containing 53,077 individuals. 

In both sexes of gray rats rate and extent of body growth 
increased gradually as the generations advanced (tables 1 to 3, 
figs. 1 and 2). At the last generation growth acceleration 
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during the adolescent period was nearly equal to that found 
in stock albino rats that have been under domestication for a 
long period of time. 

The growth rate in females during the suckling period was 
more rapid than that in males, but at all subsequent age 
periods males grew more rapidly than females. 

At the twenty-fifth generation adult rats of both sexes were, 
on the average, about 20 per cent heavier than individuals of 
the first generation (figs. 3 and 4). 

Rats attaining an adult weight much above the average for 
all individuals of like sex in the same generation group ap- 
peared in increasing numbers as the generations advanced 
(table 4, fig. 5). The weight increase in these individuals is 
ascribed, tentatively, to genetic factors that activated growth 
mainly during adult life. Some of these large rats, especially 
males, showed a tendency to maim or kill smaller individuals 
of the same sex. 

In both sexes of gray rats body-weight variability decreased 
as the generations advanced. In males of the last generation 
variability during early life was about one-half that in males 
of the first generation, and subsequently was still further 
reduced (table 5, fig. 6). In females of this generation body- 
weight variability was less than that in females of the first 
generation at all age periods, but the decrease was significant 
only for periods during adult life (table 6, fig. 6). This 
marked decline in variability is attributed mainly to the 
method of selecting breeding stock and to inbreeding. 

There was no sex difference at birth in the body-weight 
variability of gray rats, but males were more variable than 
females during early life and less variable during adult life. 
As the increased variability in adult females was due, proba- 
bly, to weight fluctuations resulting from pregnancy and lacta- 
tion, it is concluded that, on the whole, body-weight variability 
in males was slightly greater than that in females. 

At the twenty-fifth generation the average length of the 
reproductive period was nearly 8 months longer than the 
average for the first generation (table 7, fig. 8). This exten- 
sion was caused by the earlier breeding of the rats and the 
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continuation of their reproductive activities to a more ad- 
vanced age (fig. 7). Possible explanation for this lengthening 
of reproductive life are discussed briefly. 

Fertility of gray rats, as measured by litter production, 
increased steadily, reaching its maximum in the nineteenth 
generation where females produced an average of 10.18 litters 
as contrasted with an average of 3.50 litters produced by fe- 
males of the first generation. A slight decline in litter pro- 
duction during later generations resulted from the unfavor- 
able effects on reproduction of changes in the location of the 
colony (table 8, fig. 9). 

Sterility and low fertility of females, ascribable to the 
effects of captivity, had disappeared by the tenth generation. 
Subsequently all females reared were fertile, except those in 
which the reproductive organs became diseased. 

In litters of the second to the twenty-sixth generation the 
range in litter size was from one to fifteen with the mean at 
6.1 (table 9, fig. 10). Average litter size in any generation 
did not differ materially from the mean for the entire series. 

The age of the mothers had a marked effect on litter pro- 
duction, litter size and the variation in litter size. The number 
of litters cast increased until the females were 7 months old 
and then decreased steadily until the end of reproductive life 
(table 10). Average litter size reached its maximum (6.55) 
when mothers were 8 months old and then declined, reaching 
its lowest point in litters cast at the end of the series (fig. 11). 
Variation in litter size was slightly below the mean for litters 
cast by very young females, and significantly lower in litters 
produced when females were at the height of reproductive 
activity. When fertility began to wane, variation in litter size 
increased gradually and reached its maximum in litters cast 
near the end of reproductive life (table 10). 

.The sex ratio showed no definite trend as the generations 
advanced, and for the entire series was 97.3 ± 0.57 (table 11, 
fig. 12). This ratio is significantly lower than that (105.2 ± 
2.00) found in a strain of albinos maintained under the same 
conditions of environment and nutrition as the gray rats. A 
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similar disparity in the sex ratios of white and colored races 
of man is noted (table 12). 

The sex ratio was not influenced by litter size (table 13). 

Data given suggest, but give no definite proof, that there 
was a cyclic change in the sex ratio of the young as the age 
of the mother advanced (table 14, fig. 13). 

Mortality at birth was low in all generations, and only 265 
stillbirths were recorded for the entire strain. Mortality was 
low, also, during the first year of life, averaging 4.2 per cent 
for males and 3.4 per cent for females: 79.9 per cent males 
and 76.6 per cent females lived to the age of 20 months. The 
mortality rate among older rats decreased as the generations 
advanced, indicating that under conditions of captivity the 
life span in both sexes was lengthened (table 15). The chief 
causes of death were pneumonia, which was more prevalent 
among males, and tumors which occurred mainly in females. 

At the twenty-fifth generation gray rats had lost the high 
nervous tension and fear of man displayed by individuals in 
early generations. Females then took excellent care of their 
young and would serve as foster mothers if certain precau- 
tions were taken. Two of the outstanding traits in rats of 
early generations still persisted: adults continued to show 
antipathy to strangers placed in their cage, and exceptionally 
large rats, particularly males, were yet prone to attack small 
individuals of the same sex. Gray rats of later generations 
could be rendered as tame as are stock albinos if they were 
handled frequently during early life. It was then possible 
to use these rats for any kind of experimental work. 

Several mutations affecting the color or the structure of 
the hair appeared in this strain of gray rats. Gray hooded 
rats were developed by selective breeding among the descend- 
ants of one pair of wild rats in the foundation stock that 
carried the hooded gene (figs. 14 to 20). Black, albino and 
ruby-eyed dilute mutants appeared in the twelfth to the four- 
teenth generations. Curly, a dominant mutation previously 
unknown in rats, emerged in the seventeenth generation (figs. 
21 to 26). Another new mutation, cinnamon, was found in 
the twenty-second generation. 
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Reasons are given for attributing all these mutations, ex- 
cept hooded, to gene changes that occurred after the rats had 
been in captivity for some years, and a tentative explanation 
for their appearance is offered. 
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LINKAGE STUDIES OF THE RAT (RA TTUS NOR VEGICUS). ID 
By Helen Dean King and W. E. Castle 
Wistar Institute and University of California 
Communicated January 13, 1937 

King 2 has recently described the occurrence and inheritance of waltzing 
in an inbred race of rats reared at the Wistar Institute. Concerning the 
mode of inheritance this statement was made: “Available evidence seems 
to indicate that waltzing is due to a single gene, but that the extent to 
which this gene expresses itself depends upon modifying factors which 
favor or inhibit its action.” Selection of the most pronounced waltzers 
through a series of generations increased the incidence of waltzing. In the 
Fa generation the percentage of waltzers produced by waltzing parents 
had risen to 93 per cent. 

The waltzing mutation made its first appearance in albino individuals 
and though it has since been introduced into colored individuals, it con- 
sistently occurs in a higher percentage of the albino than of the colored 
individuals in litters containing both sorts. This indicates that it is 
linked with albinism and that its gene is borne in the same chromosome 
as the albino gene. The evidence for this conclusion is as follows: 

Crosses were made between albino waltzers and colored non-waltzers of 
the varieties known as hairless, kinky and blue. All F\ individuals were, 
as expected, colored non-waltzers. The F% population obtained from each 
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cross is classified in table 1 as regards the occurrence of albinism. No indi- 
cation was found of linkage between waltzing and the other mutant char- 
acters involved in these crosses, hairless, kinky and blue. 

TABLE 1 


F a Populations in Which Is Shown tAb Comparative Incidence of Waltzing 
among Albino and Non-Albino Individuals, Respectively 




ALBINO 



COLORBD 





NON- 

ALBINO 

PBR CBNT 

NON- 

COLORBD 

PBR CBNT 



WALTZBRS WALTZBRS 

WALTZBRS 

WALTZBRS 

WALTZBRS 

WALTZBRS 

Cross 1. 

Albino waltzer X 



• 




hairless 
Cross 2. 

Albino waltzer X 

82 

7 

7.8 

202 

3 

1.5 

kinky 
Cross 3. 

Albino waltzer X 

36 

8 

19.0 

154 

10 

6.1 

blue 


88 

13 

14.7 

316 

22 

6.5 


It will be observed that the incidence of waltzing was in all three of the 
F 2 populations higher among albinos than among their colored sibs. 

The same relation was, with a single exception, found to hold in cer- 
tain back-cross populations produced by mating Fi colored non-waltzers 
with albino waltzers, as shown in table 2. 

TABLE 2 


Comparative Incidence of Waltzing in Albino and Colored Individuals in 

Back-Cross Populations 




ALBINO 



COLORBD 





NON- 

ALBINO 

PBR CBNT 

NON- 

COLORBD 

PBR CBNT 



WALTZERS 

WALTZBRS 

WALTZBRS 

WALTZBRS WALTZBRS 

WALTZBRS 

Cross 4A. 

Albino waltzer X 







Curly 
Cross 4B. 

Albino waltzer X 

104 

21 

16.8 

117 

21 

15.2 

Curly 
Cross 5A. 

Albino waltzer X 

24 

18 

42.8 

35 

9 

20.4 

Black 
Cross 5B. 

Albino waltzer X 

44 

16 

26.6 

64 

16 

20.0 

Black 
Cross 7. 

Albino waltzer X 

58 

10 

14.7 

63 

12 

16.0 

Curlyi 


52 

38 

42.2 

47 

24 

33.8 

Totals 


282 

103 

26.7 

326 

82 

20.1 


In the Cross 5B population alone was the percentage of waltzers as high 
among the colored as among the albino individuals. For all the popula- 
tions of table 2 combined, 26.7 per cent of the albinos were waltzers, but 
of the colored individuals only 20.1 per cent. 

One further point of interest should be noted in connection with Cross 
3, table 1. The blue parent to this cross was heterozygous for yellow, a 
recessive gene borne in the same chromosome as the albino gene. If 
waltzing is linked with albinism, it should show linkage also with yellow. 
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The 7*2 population derived from Cross 3 may be separated into three groups 
as shown in table 3. 

TABLE 3 


A Further Classification of the F t Population of 426 Individuals Derived from 

Cross 3, Table 1 


Gray, black or blue 

NON- 

WALTZBRS 

WALTZBRS 

PBR CENT 
WALTZBRS 

(i.e., non-yellow colored) 

259 

16 

5.8 

Yellow or cream (dilute yellow) 

57 

6 

9.5 

Albino 

75 

13 

14.7 

Totals 

391 

35 

8.2 


As expected, the percentage of waltzers in the yellow group is higher than 
that in the non-yellow group, suggesting linkage of waltzing with yellow 
as well as with albinism. 

The data presented in tables 1-3 had been obtained prior to March 17, 
1936. Subsequent experiments support the tentative conclusion reached 
at that time, that linkage exists between waltzing and albinism. See 
table 4. 

table 4 


Further Data on the Comparative Incidence of Waltzing among Colored and 
Albino Sibs in Back-Cross Populations 

ALBINO COLORS D 



NON- 

WALTZBRS 

ALBINO 

WALTZBRS 

PBR CBNT 
WALTZBRS 

NON- COLORBD 

WALTZBRS WALTZBRS 

PBR CBNT 
WALTZBRS 

Cross 7A. 
Curly* 

Albino waltzer X 

171 

116 

40.4 

176 

92 

34.3 

Cross 5C. Fi (Albino waltzer 
X black) X black waltzer 

30 

9 

23.1 

167 

43 

20.5 

Cross 5D. 
black 

Albino waltzer X 

146 

38 

20.6 

159 

38 

19.3 

Cross 2A. 
kinky 

Albino waltzer X 

56 

21 

27.3 

68 

16 

19.0 

Totals 


403 

184 

31.3 

570 

189 

24.9 


In each of the four back-cross populations of table 4, the percentage of 
waltzers is higher among albinos than among their colored sibs, the totals 
being 31.3 per cent among the albinos to 24.9 per cent among the colored. 

Further experiments to test for linkage between waltzing and yellow are 
as yet incomplete and inconclusive. The total back-cross population ob- 
tained by summarizing the various experiments described in tables 2 and 4 
consists of 2139 individuals, which fall into the following classes: 


Observed numbers 
Corrected for overlapping 


ALBINO COLORBD 

NON- ALBINO NON- COLORBD 

WALTZBR9 WALTZBRS WALTZBRS WALTZBRS 


685 287 896 271 

463 550 606 519 
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When we attempt to calculate the crossover percentage between al- 
binism and waltzing, we are confronted with this difficulty, that the ob- 
served number of waltzers (558) is less than the observed number of non- 
waltzers (1581), with which it should be theoretically equal. This, as al- 
ready explained, we may assume to be due to the occurrence of normal 
overlaps among the non-waltzers, i.e., of individuals genetically waltzers 
but actually not manifesting the waltzing behavior. Nevertheless, we 
observe that the non-crossover class, colored non-waltzers, is larger than 
the crossover class, albino non-waltzers, and also that the other non- 
crossover class, albino waltzers, is larger than the other crossover class, 
colored waltzers, these being the relations which we should expect if link- 
age exits between albinism and waltzing. 

If we assume that overlapping to normality occurs equally among the 
albino and the colored waltzers, we may use the observed frequencies in 
calculating a crossover percentage. 

The observed number of crossovers will accordingly be the sum of the 
albino non-waltzers (685) plus the colored waltzers (271), or 956, which is 
44.7 =*= 0.7 of the total population, 2139. This is a very loose indicated 
linkage but one of undoubted significance in view of the small probable 
error and the consistency of the occurrence of a larger percentage of 
waltzers among albino than among colored individuals in eight out of nine 
of the back-cross populations. 

This calculation of the crossover percentage may be checked by actually 
deducting from the classes of non-waltzers, and adding to the classes of 
waltzers, enough individuals (considered as normal overlaps) to make the 
total in each of the two groups equal to the half population, 1019. Such a 
“correction for overlapping” has been made in the foregoing summary of the 
backcross populations. If we base a calculation of the crossover percentage 
on these corrected numbers, we get 463 + 519 = 982 as the total of the 
crossover classes, which is 45.8 =*= 0.7 per cent of the entire population, 
again a statistically significant indication of linkage. 

It has been known for some time that the albino chromosome of the rat 
contains genetic loci for two other mutant characters, red-eyed yellow (r) 
and pink-eyed yellow {p). % We are now warranted in assuming the exis- 
tence in this same chromosome of a fourth gene which in its mutant form 
may produce waltzing. The order of the four genes and their approxi- 
mate map-distances are as follows : 

C R P W 

0 0.3 20 45 

The experiments described in this paper have been made by King at the 
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Wistar Institute in consultation with Castle, who has formulated this 
report. 

1 See also Proc. Nat. Acad. Sci .. 21, 390-399 (1935). 

* King, H. D., Jour. Mammology , 17 , 157-163 (1936). 

* Castle, W. E., Genetics and Eugenics , 4th Ed., 234 (1930). 
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LITTER PRODUCTION AND THE SEX RATIO IN 
VARIOUS STRAINS OF RATS 

HELEN DEAN KING 

The Wistar Institute of Anatomy and Biology 
* TWO CHARTS 

Fertility has been ably defined by Pearl and Surface (’09) 
as, “the total actual reproductive capacity of pairs of organ- 
isms, male and female, as expressed by their ability when 
mated together to produce (i.e., bring to birth) individual 
offspring.” In accordance with this definition, norms for the 
fertility in any stock should be derived from the total number 
of offspring produced by a considerable number of breeding 
animals, not from random sampling. The latter method, 
which is too frequently employed, is open to a very serious 
error. Since only relatively young animals, as a rule, are 
used for breeding, random sampling of reproduction usually 
shows the fertility of early life only, and fails to indicate the 
marked decrease in the litter frequency and in the number of 
offspring that comes after the animals have passed the zenith 
of their reproductive activity. 

Extensive series of breeding experiments with various 
strains of rats have furnished data for litter production that 
cover the entire reproductive life of a large number of indi- 
viduals. These data, which are given in the present paper, 
are for the following strains: 1) stock Albinos; 2) Norway 
rats, born and reared in captivity; 3) piebalds, a black-hooded 
variety; 4) extracted Albinos; 5) extracted Norway s. As 
all of these strains of rats were reared in The Wistar Institute 
animal colony under similar conditions of environment and- 
of nutrition, differences in their fertility and in their sex 
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ratios must be attributed mainly to qualities inherent in the 
strains. 

A definite routine was always followed in obtaining litter 
data for the various strains. Cages containing breeding ani- 
mals were inspected at least once a week. If any females were 
found to be pregnant the cage was marked and examined 
daily, if possible, until the litter was born. As the sexes can 
readily be distinguished at birth (Jackson, ’12), sex data were 
noted on record cards at the time that the litter was discov- 
ered. By this method the birth of a litter and the sex of 
the young were recorded, in the great majority of cases, 
within a few hours after parturition. An early record of the 
litters is necessary if the data are to have much statistical 
value, since the delay of a few days in examining a litter 
may mean the failure to record a considerable number of the 
young. Sometimes a mother destroys all or part of a litter 
shortly after its birth, or she may neglect the young entirely, 
when they soon die and are either eaten by adult rats or lost 
in the debris of the cage. If several adults occupy the cage 
there is the further danger that they will all crowd into the 
nest and smother some members of the litter, which then meet 
the fate of neglected young. Because of such possibilities 
errors of omission must inevitably occur in the records of a 
long-continued series of breeding experiments with the rat, 
but they can be reduced to a minimum by promptness in re- 
cording the litter data. 

Data for stillborn young have been included in all litter 
records. The exclusion of such individuals would not only 
lessen the average size of the litters, but also change the sex 
ratio, since it has been shown that stillborn young comprise 
about 2 per cent of the total number of offspring in albino 
rats and that among them the males greatly outnumber the 
females (129 males to 100 females: King, ’21). 

The length of the reproductive period in the rat varies 
considerably in different individuals and in different strains, 
and it is also affected by nutritive conditions (Slonaker and 
Card, ’23 c). As a rule, this period covers from twelve to 
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fifteen months of the life of the female; no data have been 
obtained for the male as yet. The extreme limits of repro- 
ductive activity that have been noted show the birth of an 
albino litter when the mother was but fifty-six days of age 
and the production of a litter by a pigmented female when 
she was over thirty-three months old. The data given in 
the present paper include no litters cast by females that died 
before the approximate end of reproductive life. If, how- 
ever, a female lived the required length of time and appeared 
to be in good physical condition, her offspring have been in- 
cluded even though she cast only one litter. 

Sex ratios are given in the various tables only when the 
number of individuals in any group exceeded twenty-five. 
The probable error of the ratio has been calculated by Yule ’s 
(’22) formula: 

P. E.= ±67.45 ( 1+Z)^Y> 

Z being the ratio, i.e., the number of males divided by the 
number of females, and N the total number of individuals. 

Since in the latter part of the reproductive period there is a 
marked decrease both in the number and in the size of the lit- 
ters cast, it is difficult to obtain sufficient data for young 
born during this time to give sex ratios having much statisti- 
cal value, even when a large number of breeding females are 
available. As sex ratios in litters cast by old females often 
deviate widely from 100, the probable error of these ratios, 
as calculated by Yule’s formula, is very large and their use 
certainly tends to conservatism in considering the significance 
of the results. 

LITTER PRODUCTION AND THE SEX RATIO IN STOCK ALBINOS 

The data for this strain were obtained from the records 
of two large series of animals descended from Albinos taken 
from the general stock colony maintained at The Wistar 
Institute. 

As stated by Donaldson (’15), albino females usually begin 
breeding when they are three or four months old, and the 
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menopause comes when they are from fifteen to eighteen 
months of age. Data given for this strain comprise litters 
cast by females that lived to be at least sixteen months old. 
Many of the females were kept until they were nearly two 
years old, but only a very few of them cast litters after they 
were over eighteen months of age. 

Data for litters produced by 148 stock albino females dur- 
ing the period of their reproductive activity are given in 
table 1. 

TABLE 1 

Data for entire series of litters cast by 148 stock albino females 


AVERAOX NO. 


LITTER 

8ER1ES 

NO. 

LITTERS 

NO. INDI- 
VIDUALS 

YOUNG 

PER LITTER 

KALES 

FE KALES 

NO. KALE 8 TO 
100 FBKALE8 

1 

148 

903 

6.1 

462 

441 

104.7 It 

4.70 

2 

148 

992 

6.7 

498 

494 

100.8 it 

4.32 

3 

142 

876 

6.1 

454 

422 

107.5 it 

4.88 

4 

128 

824 

6.4 

402 

422 

95.2 it 

4.45 

5 

98 

547 

5.5 

279 

268 

104.0 it 

5.99 

6 

64 

344 

6.4 

184 

160 

115.0 it 

8.38 

7 

38 

228 

6.0 

128 

100 

128.0 it 11.37 

8 

23 

137 

5.9 

72 

65 

110.7 it 12.64 

9 

13 

85 

6.5 

51 

34 

150.0 it 22.39 

10 

5 

22 

4.4 

13 

9 



11 

3 

12 

4.0 

5 

7 



12 

3 

13 

4.3 

8 

5 



13 

2 

9 

4.5 

3 

6 



1-13 

815 

4992 

6.1 

2559 

2433 

105.2 it 

2.00 


Table 1 brings out clearly a fact that has already been 
noted by several observers (Crampe, ’83; King and Stotsen- 
burg, ’15; Slonaker and Card, ’23 c), namely, that the second 
litter tends to be the largest of the series cast by albino 
females; the third and fourth litters, as a rule, being but 
little smaller than the second. If an albino female is in 
good condition she usually casts her fifth litter when she is 
seven or eight months old, at which time she has reached 
the height of her reproductive activity and has produced ap- 
proximately one-half of her total number of offspring 
(King, ’16). As the litter series advances beyond this point, 
there is a gradual decline in the number of young cast at each 
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birth. In table 1 the marked decline in litter size comes at 
the tenth litter where the number of young drops to 4.4 — 
the average that is maintained until the end of the series. 

For the entire series of 815 litters recorded for the albino 
strain the average number of young per litter was 6.1. This 
average seems very low, since it is generally asserted that 
litters of albino rats usually contain about seven young. The 
data given in table 1, as already stated, are a selected lot 
based solely on the fact that the mothers of the litters lived 
throughout the normal length of the reproductive period. 
Where an average of seven or more young has been obtained 
for a large series of albino litters the data have been taken 
from the litter production of relatively young females and, 
therefore, fail to show the lesser fertility of animals ap- 
proaching the menopause. 

Cuenot (’99) gives the normal sex ratio for the albino 
strain as 105.6 males to 100 females ; in the data collected by 
King and Stotsenburg (’15) the sex ratio was 107.5 males 
to 100 females; Slonaker and Card (’23d) have recently 
given the sex ratio in a series of 944 Albinos as 108.3 males 
to 100 females. The first of these determinations was based 
on records for only thirty litters; the second on a random 
collection of 1089 litters produced in a colony of relatively 
young animals. The data of Slonaker and Card, although 
covering a wider span of the reproductive life of the mothers 
than either of the other series of records, are not complete, 
as the authors state that “the sexes were not determined in 
all of our litters.” None of these sex ratios, therefore, can 
properly be taken as a norm for the albino strain. 

In table 1 the sex ratios are given for only the first nine 
litters of the series, since the number of young produced in 
later litters was too small to give ratios having statistical 
value. To attempt an analysis of the ratios for the various 
litter groups would be futile. The ratio for one litter group 
bears seemingly no relation to the ratio for the group im- 
mediately preceding or following, and the differences between 
successive ratios, when judged by their probable error, are 
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of little import. The ratios seem, however, to indicate that 
the number of males tends to increase as the litter series ad- 
vances up to the tenth litter. Beyond this point the relative 
number of males decreases sharply, as the data for the last 
three litters of the series, when combined, give a sex ratio of 
only 88.8 males to 100 females. 

For the total of 4992 albino young recorded in table 1 the 
sex ratio is 105.2 males to 100 females. This ratio is but 
slightly less than that given by Cuenot, and may, perhaps, 
serve as a norm for sex ratio in the albino strain until a 
larger and more complete series of data is available. 

LITTEE PKODUCTION AND THE SEX EATIO IN THE NOEWAY EAT 

The strain of Norways now undergoing the process of 
domestication in The Wistar Institute animal colony was 
developed from wild Norway stock trapped in the vicinity of 
Philadelphia in 1919. The data given cover the litter produc- 
tion of females in the first three generations, born in cap- 
tivity, that lived to be at least twenty months old. 

Three investigators have recorded observations regarding 
the reproductive activity of the Norway rat. Crampe ( ’84) 
makes the general statement that Norway rats develop their 
reproductive power much more slowly, reach a maximum 
later and maintain it longer than do Albinos. Lantz (’10) 
states that in their natural habitat Norway rats are capable 
of breeding when they are less than three months old, though 
he does not give the data on which this assertion is based. 
According to the observations of Miller (’ll), sexual ma- 
turity is attained by both sexes of Norways by the end of 
the fourth month when the animals are born in captivity. In 
my strain of Norways some of the females belonging in the 
early generations did not cast a litter until they were twelve 
months old, and the average age at which these Norway fe- 
males, as a group, began breeding was about eight months; 
in later generations a number of females have cast litters 
when from four to five months of age. In captivity the meno- 
pause in the Norway strain comes when the females are 


Digitized by t^.ooQLe 



LITTER PRODUCTION AND SEX RATIO IN RATS 


343 


about twenty months old, though several females have cast 
litters when nearly two years old. 

Darwin (’75) cites many instances where the fertility of 
wild animals was greatly lessened in captivity, though the 
animals did not lose their vigor and their reproductive organs 
were not diseased. The wild Norway stock from which my 
strain was derived exhibited in a marked degree this tendency 
to sterility under conditions of captivity. Of the twenty 
wild Norway females brought into the colony at the beginning 
of this investigation, only six were known to breed, although 
most of the animals were kept in good condition for many 

TABLE 2 

Data for entire series of litters cast by eighty-eight Norway females , bom and 

reared in captivity 


AVERAGE no. 


UTTER 

SERIES 

NO. 

LITTERS 

NO. INDI- 
VIDUALS 

YOUNO 

PER LITTER 

MALES 

FEMALES 

NO. MALES TO 
100 FEMALES 

1 

88 

462 

5.2 

223 

239 

93.3 ± 5.85 

2 

84 

547 

6.5 

253 

294 

86.0 ± 4.96 

3 

63 

410 

6.5 

190 

220 

86.3 ± 5.75 

4 

39 

229 

5.9 

106 

123 

86.1 ± 7.69 

5 

20 

128 

6.4 

58 

70 

82.8 ± 9.91 

6 

10 

62 

6.2 

21 

41 

51.2 ± 9.26 

7 

5 

24 

4.8 

9 

15 

60.0 ± 17.17 

1-7 

309 

1862 

6.0 

860 

1002 

85.8 ± 2.68 


months. To what extent changed conditions of environment 
and of nutrition affected the length of the reproductive period 
and the fertility in the early generations of Norways born in 
captivity cannot be determined, since practically nothing is 
known of the reproductive activity of these animals in their 
natural state. My Norways have rapidly adapted themselves 
to change in habitat, and they seem to live in captivity quite 
as well as do the domesticated Albinos. Their present en- 
vironment seems favorable to growth and to longevity, and 
apparently has had no marked effects on normal life 
processes. 

Data for 309 litters cast by 88 Norway females are shown 
in table 2. 
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In the Norway, as in the albino strain, the first litter cast 
is relatively small and the next two litters tend to be the 
largest of the series cast. In later litters the number of young 
gradually decreases, dropping to an average of 4.8 in the 
final litter of the series (table 2). The 309 litters cast by 
Norway females contained an average of 6.0 young: the data 
for the albino strain gives an average of 6.1 young per litter 
(table 1). The average size of the litter is, therefore, prac- 
tically the same in the two forms; but as litter production 
in the albino strain is greater than that in the Norway. strain 
it appears that domestication has increased the fertility of the 
rat, as it has of many other animals (Darwin, ’75). 

The greatest number of litters produced by any Norway 
female was seven. Four of the females, as table 2 shows, 
cast hut one litter each, although all lived to an advanced age. 
Since Norway females in captivity often devour their young, 
as Miller (’ll) has noted, there is the possibility that these 
four females cast other litters that were not recorded. This 
supposition seems improbable, however, as the nests were 
examined frequently to guard against such an occurrence. 

The papers of Lantz ( ’10) and of Miller ( ’ll) give practi- 
cally all of the information previously recorded regarding 
litter size in the Norway strain. Lantz cites instances in 
which twenty-two and twenty-three young were found in a 
single nest in England, but as female rats frequently pool 
their young, these records do not necessarily indicate that the 
young were the progeny of a single female. An examination 
of a large number of pregnant females by The Plague Com- 
mission in India showed that the average number of embryos 
was 8.1, the highest number found being fourteen. Lantz 
further mentions two cases where seventeen and nineteen 
embryos were found in pregnant Norways, and infers that in 
this latitude the average litter is not under ten. Since in the 
rat, as the observations of Huber (’15) and of Long and 
Evans (’22) have shown, many fetuses die at various stages 
of gestation and are absorbed in situ, the number of embryos 
found in gravid females is no safe criterion by which to judge 
the number of living young that will be born. 
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In eight litters obtained from wild Norway parents Miller 
( ’ll) found that the number of young varied from seven to 
twelye, with an average of 10.5. The mothers of these litters 
were females of unknown age. Miller states that the Norways 
breed during all months of the year — an observation which 
my investigations confirm. The period of greatest litter pro- 
duction, however, seems to he in the spring and summer, few 
litters being cast during the autumn months. 

The sex ratios for litters in the Norway strain, as given 
in table 2, differ greatly from those obtained for the stock 
Albinos (table 1). In all litters of the Norway series the 
sex ratios are very low, ranging from 51.2 to 93.3 males to 
100 females. As the probable errors of these ratios are large, 
the difference between any two succeeding ratios are not 
great enough to be significant. Between the highest ratio, 
that for the first litter group, and the lowest ratio, found in 
the sixth litter group, the difference of 42.1 ± 10.95 is suffi- 
ciently great, however, to indicate that old females tend to 
produce a relatively greater number of female than of male 
young. 

For the total of 1862 Norway young recorded in table 2 the 
sex ratio is but 85.8 males to 100 females. This ratio is in 
accord with the only other sex ratio for the Norway strain 
that has as yet been recorded, namely, the ratio of 82.1 males 
to 100 females found by Miller in five litters comprising fifty- 
one young. 

LITTER PRODUCTION AND THE SEX RATIO IN EXTRACTED 
STRAINS OF RATS 

All of the extracted strains of rats used in this study were 
derived from the F 2 generation of a cross between wild Nor- 
way males and stock albino females. In each strain several 
successive generations were reared and the growth and fer- 
tility of a considerable number of individuals determined. 
Animals in these strains did not begin breeding at quite as 
early an age as did the stock Albinos, but the majority of 
females that were fertile cast their first litter when they 
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were from four to five months old ; the menopause appeared 
twelve to fifteen months later regardless of the coat color of 
the individuals. Data given are for litters cast by females 
that lived to be at least eighteen months old. 

1. Extracted Albinos 

Although extracted Albinos were easily handled and pos- 
sessed none of the vicious traits of the Norway rats, they 
nevertheless showed traces of their wild ancestry in that they 


TABLE 3 

Data for entire series of Utters cast by fifty-seven extracted albino females 


LITTER 

8ERIES 

NO. 

LITTERS 

NO. INDI- 
VIDUALS 

AVERAGE NO. 
YOUNG 

PER LITTER 

MALES 

EE MALES 

NO. MALES TO 
100 FEMALES 

1 

57 

320 

5.6 

167 

153 

109.1 ± 8.22 

2 

57 

349 

6.1 

191 

158 

120.9 ± 8.76 

3 

56 

348 

6.2 

166 

1§2 

91.7 ± 6.63 

4 

46 

277 

6.0 

142 

135 

105.1 ± 8.52 

5 

28 

153 

5.3 

79 

74 

106.7 ±:11.72 

6 

11 

71 

6.4 

33 

38 

86.8 ±13.92 

7 

6 

41 

6.8 

21 

20 

105.0 ±22.12 

8 

2 

15 

7.5 

11 

4 


9 

2 

11 

5.5 

4 

7 


10 

1 

5 

5.0 

3 

2 


11 

1 

8 

8.0 

4 

4 


1-11 

267 

1598 

5.9 

821 

777 

105.6 ± 3.56 


were more active than stock Albinos. They also exhibited a 
tendency to gnaw their way through any part of the cage that 
was unprotected with wire — a trait rarely shown by stock 
animals. 

Litter data for this strain are given in table 3. 

The extracted albino strain is the only one of the five under 
investigation in which the second litter was not the largest 
of the series cast. Litters produced when the females were 
from eight to ten months old tended to be larger than those 
cast by younger individuals; later litters showed a gradual 
decrease in the number of young (table 3). The entire series 
of 267 litters contained an average of 5.9 young, which is 
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slightly lower than the average for the stock albino strain 
(6.1 — table 1). _ 

Sex ratios for the litters cast in this strain vary consider- 
ably and show no pronounced change with the advance of 
the series. Differences between successive ratios cannot be 
deemed significant when judged by their probable errors. 
For the entire series of litters the sex ratio is 105.6 males 
to 100 females. This ratio differs little from that for the 
stock Albinos (table 1). 


TABLE 4 

Data for entire aeries of Utters cast by fifty extracted Norway females 


A VI RAGE VO. 


LITTER 

SERIES 

NO. 

LITTERS 

NO. INDI- 
VIDUALS 

TOUNO 

PER LITTER 

MALK8 

FEMALES 

NO. MALES TO 
100 FEMALES 

1 

50 

317 

6.3 

153 

164 

93.2 ± 6.56 

2 

50 

386 

7.7 

204 

182 

112.1 ± 7.69 

3 

50 

361 

7.2 

192 

169 

113.6 ± 8.07 

4 

40 

226 

5.6 

119 

107 

111.2 ± 9.98 

5 

22 

168 

7.6 

88 

80 

110.0 ±11.44 

6 

15 

100 

6.6 

53 

47 

112.7 ±15.22 

7 

11 

67 

6.1 

29 

38 

76.3 ±12.68 

8 

8 

45 

5.6 

24 

21 

114.3 ±23.02 

9 

6 

28 

4.6 

15 

13 

115.4 ±29.49 

10 

2 

14 

7.0 

8 

6 


11 

2 

11 

5.5 

6 

5 


12 

2 

11 

5.5 

6 

5 


13 

2 

6 

3.0 

2 

4 


1-13 

260 

1740 

6.7 

899 

841 

106.9 ± 3.46 


2. Extracted Norways 

Aside from their coat color, extracted Norways showed 
none of the pronounced traits of their wild ancestry. They 
were as tame and as easily handled as are Albinos, and very 
few of them exhibited a tendency to gnaw the cage or to de- 
stroy their young. Breeding began in this strain somewhat 
later than in the other extracted strains, as most of the fe- 
males did not cast a litter until they were about five months 
old. 

Data for litter production in extracted Norways are given 
in table 4. 
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In the series of litters cast by extracted Norways the second 
litter was the largest, containing an average of 7.7 young. 
From this point litter size decreased gradually as the females 
approached the end of the reproductive period. The females 
in this strain showed a high degree of fertility, as is indicated 
by the number of litters cast and by the fact that the average 
number of young in the entire series of litters was 6.7. 

The sex ratios for the litter series of extracted Norways 
show a range of variation of from 76 to 115 males to 100 
females, the highest ratio being that for the ninth litter group. 
In the total of 260 litters the sex ratio was 106.9 males to 100 
females. That this ratio is relatively high is due, perhaps, 
to the fact that in the first two or three generations some of 
the individuals used for breeding were hybrids, as was shown 
by the appearance of albino young in the litters cast. In 
hybrids between Norways and Albinos the sex ratio tends to 
be very high (King, ’ll). In later generations hybrids were 
eliminated and all individuals bred true to type. It did not 
seem advisable to discard from these records litters in which 
albino young were cast, since such an elimination would have 
reduced the total number of litters, and the sex ratio for the 
strain, as given in table 4, would have been lessened by at 
most one point. 


3. Piebalds 

Of all strains of rats at any time under investigation the 
piebalds, a black-hooded variety, have been the most fertile, 
they have lived the longest and have shown the greatest re- 
sistance to the rat scourge, pneumonia. 

Litter data for the piebald strain are given in table 5. 

The effect of the age of the mother on litter size is brought 
out with great clearness in the long litter series shown in 
table 5. The second litter, with an average of 8.2 young, is 
the largest of the series. Litter size decreases but slowly up 
to the eighth litter group, where it drops to 5.8; later litters 
are still smaller, the final one containing but two young. 
Even in this strain of piebalds, which showed unusual fer- 
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tility, the average number of young in the 412 litters cast was 
only 6.8. Had the fertility of the strain been determined by 
the method of random sampling, the error in the finding would 
have been very great. 

As in the other strains under investigation, the sex ratios 
for the litter groups in the piebalds show a wide range of 
variation, and the size of the probable errors makes the dif- 
ferences between the ratios of successive groups practically 
valueless. The ratios are relatively low for the early litters, 


TABLE 5 

Data for entire series of litters cast by fifty-one piebald ( blaclc-hooded ) females 


LITTER 

SERIES 

NO. 

LITTERS 

NO. INDI- 
VIDUALS 

AVERAGE NO. 
YOUNG 

PER LITTER 

MALES 

FEMALK8 

NO. MALE8 TO 
100 FEMALES 

1 

51 

381 

7.4 

198 

183 

108.2 ± 7.44 

2 

51 

420 

8.2 

197 

223 

88.3 ± 5.80 

3 

51 

364 

7.1 

195 

169 

115.4 ± 8.17 

4 

51 

395 

7.7 

193 

202 

95.5 ± 5.45 

5 

46 

343 

7.4 

178 

165 

116.9 ± 8.52 

6 

39 

268 

6.8 

140 

128 

109.3 ± 9.00 

7 

31 

228 

7.3 

121 

107 

113.0 ±10.11 

8 

27 

158 

5.8 

88 

70 

125.7 ± 13.56 

9 

22 

112 

5.1 

70 

42 

166.6 ±21.75 

10 

19 

83 

4.3 

47 

36 

133.3 ±19.82 

11 

11 

48 

4.3 

21 

27 

77.7 ±15.22 

12 

7 

24 

3.4 

9 

15 


13 

5 

19 

3.8 

7 

12 


14 

1 

2 

2.0 

0 

2 


1-14 

412 

2845 

6.8 

1464 

1381 

106.0 ± 2.68 


rising to a maximum of 166.6 males to 100 females for the 
ninth litter group. In the next group the ratio drops 33 
points, falling still further in the eleventh litter of the series 
where there were but 77.7 males to 100 females. For the 
entire series of litters, comprising 2845 individuals, the sex 
ratio is 106.0 males to 100 females. 

None of the final sex ratios for the litters of extracted 
strains of rats differ significantly from the ratio for the 
stock Albinos. There is therefore no evidence that extracted 
strains of rats inherit from their wild ancestry genetic factors 
that materially influence the sex ratio in the young at birth. 
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LITTER PRODUCTION IN VARIOUS STRAINS OP RAT8 

The total number of litters cast by different females in any 
strain of rats is extremely variable. Some females will pro- 
duce a litter every month or two during the entire reproduc- 
tive period; others will cast but one or two litters, although 
they are apparently in good health and live to an advanced 
age. Litter production in the rat seems to depend to a great 
extent on the physical condition of the animals and on nutri- 
tion. Underfed animals, or those not on a well-balanced diet, 
have but few litters which contain only a small number of 
young (Slonaker and Card, ’23 b). The outstanding factor 
that is largely responsible for checking fertility in any large 
colony is the so-called ‘pneumonia’ which attacks adult ani- 
mals of any age, but chiefly those over a year old. There is 
considerable evidence, also, that infection in the uterus and 
in the tubes lessens the number of litters in many cases (Long 
and Evans, ’22). 

As conditions of environment and of nutrition were practi- 
cally the same for all strains of rats used in this study, and 
as no strain showed a marked susceptibility to disease, the 
findings for litter production here given may, perhaps, be 
considered as fairly representative for the various groups. 
The number of litters cast by females in the various strains 
are shown in table 6. 

The greatest range in the number of litters cast, as the data 
in table 6 show, is found in the stock Albinos, and these fe- 
males, as a group, produce an average of 5.5 litters. On the 
other hand, the most restricted range in litter production oc- 
curs in the Norway strain. Four of these females cast only 
one litter each, and none of them had more than seven litters; 
the average for the group being only 3.5. This finding for the 
Norways is due to the fact that these females began breeding 
at a much later period than did the females in other strains. 
Litter production in the extracted Albinos and in the extracted 
Norways shows a range of variation and an average some- 
what less than that for the stock Albinos, but considerably 
greater than that for the pure Norway strain. The piebalds 
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showed a great superiority over the other strains as regards 
litter production; none of the females cast less than five lit- 
ters, and the average for the group was 8.1. 

From the data for the total number of litters produced in 
all strains the graph in chart 1 has been constructed. 

The graph in chart 1 rises in a straight line to its nodal 
point at 4 and then gradually declines, ending at the four- 



Chart 1 Showing the graph for litter frequency in the rat. Constructed from 
the summary of all data as given in table 6. 

teenth litter cast. The finding shown in this graph confirms 
the observation of Crampe ( ’84) that rats, in general, pro- 
duce an average of only four or five litters during the course 
of their reproductive life. 

LITTEK SIZE IN VARIOUS STRAINS OF RATS 

Litter size in the rat depends to a considerable extent on 
conditions that tend to influence fertility in general ; the physi- 
cal condition and age of the mother being the two chief factors. 
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Any disease that tends to lessen the vitality of the female has 
a marked effect on the number of offspring produced. For 
example, ‘pneumonia’ lessens the number of young in the 
litters cast and causes an increase in birth mortality (King, 
’15), while infection in the ovary or tubes first decreases 
the number of young and subsequently leads to complete 
sterility (Long and Evans, ’22). The effect of the age of the 
mother on litter size is shown by the data given in tables 
1 to 5. The first litter cast by a young female is, as a rule, 
relatively small, ranging from three to seven young, while 
the second litter tends to be the largest of the series. The 
number of young per litter decreases gradually from this 
time, and after a female has reached the age of one year she 
rarely produces a litter containing over eight young, the aver- 
age being four or five. This general statement regarding the 
number of young cast applies only to a large group of litters, 
since individual females show great variation in the number 
of young produced at all ages. 

Frequencies of litter size in the various strains of rats are 
shown in table 7. 

In the stock Albinos the litters varied in size from one to 
twelve, the majority containing from five to seven young. 
Albino litters of thirteen to sixteen young have frequently 
been reported, and litters of seventeen have been obtained 
in other strains of Albinos bred in our colony. The range in 
litter size for the Albino strain shown in table 7 does not, 
therefore, extend to the known upper limit of litter size for 
the strain in general. 

In the Norway strain only one litter was cast that contained 
as many as thirteen young, litters of six being the most fre- 
quent. This finding is contrary to the general belief that 
litters of Norway rats usually contain ten or more young 
(Lantz, ’10; Miller, ’ll). How truly the data given in table 7 
represent the size of the general run of litters cast by Nor- 
ways breeding in their natural habitat cannot be determined, 
since similar data for wild Norways, available for compari- 
son, have been obtained by the method of random sampling 
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and do not take into account the probability that two or more 
females may cast their litters in the same nest. 

In all extracted strains the range in litter size was greater 
than in the Albino and in the Norway strains and the litters 
tended to be larger, eight being the most frequent number of 
young in the extracted Norways and in the piebalds. 

The average size of all litters cast in each strain is shown 
in the last column of table 7. The range is from 5.9 to 6.8, 
with 6.4 as the final average for the total of 2063 litters con- 
taining 13,037 individuals. From these data it appears that 
the entire series of litters cast by a large group of female 
rats, regardless of strain, averages a little over six young 
per litter. Litters larger than twelve are exceptional, and 
very small litters, as records show, are found usually when 
the mother is at one extreme or the other of the reproductive 
period or is in poor physical condition. 

According to the data given in table 7, graphs plotted to 
show the frequencies of litter size in the stock Albinos, in the 
Norways, and in the extracted Albinos would all have the 
same general form. The nodal point would be at six and the 
decline in the graph would be more gradual than its rise. 
Graphs for the extracted Norways and for the piebalds would 
have a slightly different form: the nodal point would be at 
eight and the rise in the graph would be more gradual than 
its decline. From the summary of the data for all strains 
the graph in chart 2 was constructed. 

In chart 2 the graph rises abruptly to its nodal point at 
six, declines gradually to twelve, and ends at sixteen. The 
slight rise in the graph at eight is due to the relatively large 
size of the litters in the extracted Norway and in the piebald 
strains. 

In a previous paper (King, ’16) a graph was given for 
frequencies of litter size in the rat in which there were two 
nodal points, one at six and the other at eight. The sugges- 
tion was made that possibly one nodal point corresponded to 
the degree of fertility that is normal for the Norway rat and 
the other to the degree of fertility that characterizes the 
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albino rat, since at the time this paper was written there were 
no data available regarding litter size in the Norway rat. 
This suggestion now seems untenable, as data given in table 7 
of the present paper show that apparently there is no appre- 



Chart 2 Showing the graph for frequency of litter size in the rat. Constructed 
from the summary of all data as given in table 7. 


ciable difference between these two strains as regards the 
average size of the litters cast. The binodal form of the 
previous graph, therefore, was doubtless due to the fact that 
the graph was constructed from comparatively few data taken 
from several different strains of rats. 
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The change in litter size that comes with the advancing age 
of the female rat has been noted by other observers (Crampe, 
’83; Slonaker and Card, ’23 c), and a similar phenomenon has 
been found to occur in many other animals also.- Minot ( ’91) 
and Wright (’22) have observed that litter size in guinea- 
pigs increases during the first part of the reproductive period 
and then declines. A marked effect of the age of the mother 
on the number of offspring produced has been found for rab- 
bits (Hammond, ’14), for dogs (Marshall, ’10), for sheep and 
fowl (Pearl, ’13, ’17), and for pigs (Hammond, 14; Car- 
michael and Eice, ’20). Hammond (’14) attributes the low 
fertility of young sows to the fact that a smaller number of 
ova are liberated at each ovulation by young females as com- 
pared with the number shed by older females. Undoubtedly 
changes in the uterus due to advancing age affect the implan- 
tation of the ova and so account for the small size of litters 
cast by old females, even though as many ova are shed at this 
period as at an earlier age. 

THE SEX RATIO IN VARIOUS STRAINS OF RATS 

As the sex ratios for the various litter series, as given in 
tables 1 to 5, were calculated from relatively small numbers 
of data they show such a wide range of variation, and have 
probable errors of such magnitude, that no definite conclu- 
sions can be drawn from them. Whether the proportion of 
the sexes in the young at birth is the same for all strains of 
rats or whether each strain has a characteristic sex ratio of 
its own seems a question of sufficient importance to justify a 
recombination of the data that may throw some light on this 
point. It is of interest, also, to determine whether the sex 
ratios for the various litters of a given strain tend to be alike 
or whether the ratio changes with the advance in the litter 
series and therefore with the age of the mother. With these 
questions in mind, data for each two successive litters were 
combined for each strain of rats and the sex ratios calculated 
when the number of individuals in any group exceeded twenty- 
five. These ratios, with their probable errors, are given in 
table 8. 
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Fluctuations due to small number of individual data have 
been largely eliminated in the series of sex ratios shown in 
table 8, therefore it is possible to determine more exactly the 
general trend of the ratios in any given strain. 

In the stock Albinos the sex ratio is below the norm in the 
first two litter groups; it rises gradually to a maximum of 
148.8 males to 100 females which is reached in the fifth group 
comprising the ninth and tenth litters cast. From the maxi- 
mum there is a drop of nearly 60 points in the sixth and final 
group. This drop is not significant, however, if judged by 
the size of the probable error. 

The sex ratios for the piebald strain, as given in table 8, 
show exactly the same general trend as do those for the 
Albinos, and the agreement between corresponding ratios in 
the two strains is very close — too much so to be attributed 
merely to chance. 

No very definite conclusions can be drawn from the series 
of ratios for the extracted albino strain, since ratios could 
not be calculated for the later litters cast. The maximum 
ratio of 133.3 males to 100 females, found in the fourth litter 
group, is in line with the advance in the ratio for the cor- 
responding litter group in the albino and in the piebald 
strains. 

The ratios for the extracted Norways show, on the whole, 
the same general trend as do the ratios for the Albinos and 
piebalds. In the fourth-litter group the ratio of 89.8 males 
to 100 females is at variance with the corresponding ratio in 
the other strains, but it cannot be deemed important, par- 
ticularly as the ratio for the following group is very high. 
In this strain also the sex ratio for the final litter group is 
low. 

Sex ratios calculated from the total number of individuals 
in each strain vary from 105.2 to 106.9 males to 100 females. 
This variation is not significant. For the total of 11,175 in- 
dividuals comprised in all four strains the sex ratio is 105.7 
males to 100 females. This ratio is in accord with that for 
human offspring at birth. 
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The accord in the sex ratios for corresponding litter groups 
in these four strains of rats is as close as could reasonably 
be expected, considering the widely different numbers of in- 
dividuals involved. The trend of the ratios is the same in 
the Albinos and in the piebalds, the two largest series, and 
that for the two other strains is in the same general direction. 
These facts warrant the conclusion, I think, that in these 
strains of rats the sex ratio shows a definite trend with the 
advance in the litter series: it is below the norm in early 
litters cast, rises slowly to a maximum, and drops abruptly 
to a very low point in litters cast at the end of the series. The 
validity of this conclusion is challenged by the fact that the 
differences between the sex ratios for successive litter groups 
are not significant when judged by the size of their probable 
errors. It would seem, however, that the accumulatuve evi- 
dence for all four strains would be sufficient to outweigh the 
significance of probable errors that admittedly are of little 
value when numbers of individuals are not large and the ratios 
vary greatly from equality. 

It is of interest in this connection to note that in a series 
of some 900 albino rats, used by Slonaker and Card (23 d) 
as controls for their recent investigations on the effects of a 
restricted diet, the sex ratio rises to a maximum of 163.6 
males to 100 females in the sixth litter cast and drops to a low 
point in later litters. The general trend of the ratios is there- 
fore in accord with those given above. 

The sex ratios for the Norway strain are so strikingly dif- 
ferent from those for the other strains that they must be 
considered apart. As shown in table 8, all of these ratios are 
very low, and their trend is uniformly downward as the litter 
series advances. There is a difference of 20 points between 
the maximum ratio, that for the first litter group and the 
final ratio, but this difference is not significant when judged 
by the size of its probable error. For the total of 1862 indi- 
viduals in the Norway strain the sex ratio, 85.8 males to 100 
females, is significantly lower than the corresponding ratio 
for any of the other strains. It is thus evident that Norway 
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females that have not become domesticated tend to cast rela- 
tively fewer male young than do females in the other strains. 

It may be maintained that the sex ratio found in this series 
of Norways is due to the effects of captivity on the breeding 
animals and that it is not the ratio normal for these animals 
in their wild habitat. On this supposition the most obvious 
explanation for the low sex ratio is to assume that there has 
been selective mortality in fetal life. In the rat, as in many 
other mammals, male embryos seem to possess less constitu- 
tional vigor and less vitality than do female embryos 
(King, ’21), and it might be that restricted activity and 
changed conditions of nutrition, incident to captivity, so af- 
fected the females that proportionately more of the male 
than of the female embryos died during fetal life, thus chang- 
ing the sex ratio in the young at birth. This explanation seems 
untenable, since the sex ratio for individuals cast in later 
generations of these Norways is changing progressively 
toward the ratio that is normal for the albino strain. It would 
appear, from the evidence at hand, that a low sex ratio is 
normal for the Norway strain, and that the high ratio in the 
Albinos is due, in part at least, to the effects of domestication. 
As Norway rats in their natural habitat are polygamous, an 
excess of female offspring would be of decided advantage in 
the propagation of the race. This may account for the ever- 
increasing numbers of these animals that infest various re- 
gions of the earth. 

Whether the sex ratio in the rat is dependent in any degree 
on the action of genetic factors cannot be determined from 
an analysis of the ratios as given in the present paper. The 
ratios as given for the extracted strains, which were derived 
from a cross between albino females and wild Norway males, 
are, on the whole, in accord with those for the albino strain. 
To ascertain whether genetic factors are involved it would 
be necessary to consider separately the ratios for a large num- 
ber of individuals in the F, and F 2 generations of hybrid 
strains. Material is already at hand for such an analysis, 
which will be made later. From the evidence at present 
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available it would appear that the sex ratio is one of those 
characteristics of a race that depends on a number of inter- 
acting factors ; some of which may be genetic, others physio- 
logical and environmental. 

Undoubtedly one of the physiological factors involved in 
determining the sex ratio in the rat is the age of the mother 
at the time of conception. As the ratios given in table 8 are 
based on data for litter groups, they do not show the exact 
relation of the age of the mother to the sex ratio in the young, 
since some females begin breeding at a very early age and 
may cast a litter every month during the early part of their 
reproductive life, while other females begin breeding at a late 
period and cast litters only at intervals of two or three 
months. The advance in the litter series necessarily means 
an advance in the age of the mother, and some idea of the 
effect of the mother’s age on the sex ratio in the young can 
be obtained from the series of ratios given in the fifth column 
of table 8. These ratios were calculated from the combined 
data for all strains except the Norways. 

Young female rats, i.e., those three to seven months old, 
apparently tend to produce offspring in which there is an ap- 
proximately equal proportion of the sexes, since the sex ratios 
for the first two litter groups in the fifth column of table 8 
show only 103 males to 100 females. The relative number of 
male young increases with the age of the mother up to the 
time that the latter is twelve to fourteen months old — the 
period when the ninth and tenth litters are cast, as a rule. 
An abrupt and striking change appears in the sex ratio in 
the young at this point ; female young tending to predominate 
in all subsequent litters of the series. 

The difference between the sex ratios for the first five litter 
group in the fifth column of table 8 are not significant when 
judged by their probable errors. Between the ratio for the 
fifth group and that for the sixth group, however, the differ- 
ence of 66.6 is over five times its probable error of ± 12.9, 
thus indicating the action of some factor, as yet unknown, 
that causes a marked decrease in the number of male offspring 
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cast by females approaching the menopause. The maximum 
sex ratio in the young is attained at a time when the mothers 
have passed the zenith of their reproductive activity and fer- 
tility is waning, as is shown by the marked decrease in litter 
production and in litter size. It is possible that the factor 
involved in the change in the sex ratio which comes at this 
time causes differential mortality in the sexes among the 
fetal young. If so, it acts at an early period of gestation and 
the dead fetuses are absorbed in situ, since there is no marked 
increase in the number of stillborn young at this period if 
the mothers are in good physical condition. Males are largely 
in excess of females among stillborn young regardless of 
the age of the mother (King, ’21). 

Since the Norway females, as a rule, did not begin breeding 
until they were about eight months old, the sex ratios given 
for the Norway strain are for the offspring of relatively old 
mothers. Data showing the sex ratio in litters of younger 
Norway mothers are few at present. Those obtained from 
later generations of this strain, where many females have 
begun breeding when from five to six months of age, indicate 
that the sex ratio is decidedly higher in the offspring of 
young mothers than in those of old ones. It appears, there- 
fore, that in the Norway, as in other strains of rats, the sex 
ratio in the young decreases as the mothers approach the 
end of reproductive life. 


SUMMARY 

/■ 

Data are given for the entire litter production of females 
in the following strains of rats: 1) stock Albinos; 2) ex- 
tracted Albinos; 3) extracted Norways; 4) piebalds; 5) Nor- 
ways. All of these strains of rats were reared in The Wistar 
Institute animal colony under similar conditions of environ- 
ment and of nutrition. The data used in this study com- 
prise 2063 litters containing 13,037 individuals. 

Since the data for the first four strains are in close accord, 
the following general statements can be made for all of them. 
Exceptions found are noted in the text. 
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1. Females begin breeding when from three to five months 
of age, and reproductive activity extends over a period of 
from twelve to fifteen months, regardless of the coat color of 
the individual. 

2. Although females may cast as many as fourteen litters, 
as a rule they produce only four or five litters during the 
course of reproductive life. 

3. The second litter tends to be the largest of the series 
cast, containing an average of about 7.5 young. The number 
of young declines gradually in subsequent litters, dropping 
to an average of about 4.5 in the last few litters of the series. 

4. In the entire series of litters cast by a large group of 
females the average number of young is about six. Litters 
larger than twelve are exceptional, and small litters (one to 
four young) are found usually when the mother is in poor 
physical condition or is at one extreme or the other of repro- 
ductive life. 

5. The sex ratios in all strains show a pronounced, though 
not statistically important, trend with the advance in the litter 
series. The ratio tends to be low in the early litters cast ; it 
rises slowly to a maximum, and drops to a very low point in 
litters cast at the approach of the menopause. 

6. The sex ratios calculated from the total number of indi- 
viduals in each of these four strains vary from 105.2 to 106.9 
males to 100 females; these variations are not statistically 
important. For the total of 11,175 individuals the sex ratio 
is 105.7 males to 100 females. 

Data for the Norway strain were obtained from litters cast 
by females in the first three generations born and reared in 
captivity. These data differ in many respects from those for 
the other strains under investigation. 

Norway females, as a group, did not begin breeding until 
they were about eight months of age, and many of them did 
not cast a litter until they were a year old. The menopause 
appeared when the females were from eighteen to twenty- 
two months old. 
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In the Norway strain the first litter cast tended to be 
small, and the next two litters were the largest of the series. 
The average size of the litters gradually decreased to 4.8. 
For the entire series the average number of young was six. 

The sex ratios obtained for the Norway strain are all low, 
and the trend is downward as the litter series advances. For 
the entire strain the sex ratio is 85.8 males to 100 females. 
This ratio is significantly lower than the ratio for any of 
the other strains. 

Evidence given indicates that a low sex ratio is normal for 
the Norway strain, and that the higher sex ratio in the albino 
strain is due, in part at least, to the effects of domestication. 

It appears, from the data given, that the age of the mother 
at the time of conception has an influence on the sex ratio in 
the young at birth. In the stock Albinos and in the extracted 
strains young mothers, i.e., those three to seven months old, 
tend to produce an equal number of male and female young. 
The number of male young increases up to the time that the 
mothers are from twelve to fourteen months old. In subse- 
quent litters the number of female young is greatly increased. 
At all age periods Norway mothers tend to cast more female 
than male young, but toward the end of reproductive life the 
relative number of female young is greatly increased. 
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NOTES ON REGENERATION IN TUBULARIA 
CROCEA. 


HELEN DEAN KING. 

The following experiments on Tubularia {Parypha) crocea were * 
made during the summer of 1903, at Woods Holl, Mass., while I 
was occupying a research room of the Carnegie Institution in the 
Marine Biological Laboratory. The work was done under the 
direction of Prof. T. H. Morgan to whom I am indebted for 
many helpful suggestions. 

I. The Effect of the Earlier Closing of One End of a 
Long Piece of the Stem of Tubularia. 

In experimenting on the European hydroid Tubularia tnes - 
embryanthernum , Morgan (10) allowed the ends of long pieces of 
the stem to close and then, after an interval of from one to eight 
hours, he cut the pieces transversely through the middle region so 
that two new cut surfaces were exposed (Fig. 1, B , 

C ). As a result, the aboral development of the proxi- 
mal piece CD, was hastened. In many cases a polyp 
appeared on the aboral surface, D , as soon as did a 
polyp on the oral end, C , and in a few pieces a 
hydranth developed at D as early as did the hydranth 
on the distal end of the anterior piece, AB. This re- 
sult is explained by Morgan as follows : 14 When a 
piece is cut in two in the middle one, two, three or 
more hours after its ends have closed, the influence 
of the oral end is temporarily removed, and the aboral 
end, which now has a start on the new oral end* 
may gain the ascendency and be the first to pro- 
duce a polyp. Often, however, the polarity of the 
piece is sufficiently strong to give the precedence to p IG> j 
the influences acting on the oral end. When the 
two influences are equally balanced, two hydranths may simul- 
taneously develop.” 

In repeating these experiments on the American hydroid, 
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7 ubularia crocea , the hydranths already present at the anterior 
ends of the stems were removed by a transverse cut about 2 mm. 
behind the proximal circle of tentacles, and then pieces of stem 
varying in length from 30-40 mm. were cut off and the ends 
allowed to close. After an interval of from two to eight hours 
the stems were cut through the middle as in Fig. 1, B, C f thus 
producing a freshly cut surface (Fig. 1, B) at the aboral end of 
a distal piece, and also one at the oral end (Fig. 1, C) of a 
proximal piece. The results of this series of experiments are 
given in Table I. to IV. The first column gives the total number 
of individual stems operated upon ; the second column shows the 
time that elapsed between the removal of the hydranth and the 
cutting of the stem through the middle ; and in the following 
columns the results two, three, and four days after the operation 
are indicated. Hy\ signifies the regeneration of a complete hy- 
dranth ; t. a. indicates the formation of tentacle anlagen only ; 
while 0 is used to indicate that no regeneration had taken place 
when the observations were made. The letters A, B, C and D 
refer to surfaces thus marked in Fig. 1 ; and the numbers in 
parentheses show the number of cases in which similar results 
were obtained. 

Table I. 


Number of 

Interval Between 

Result in 


Result in 

Result in 

Individuals. 

Cuttings. 

Two Days. 

Three Days. 

Four Days. 



(A.../iy. (6) 

r 


r 

same. 



1 B... O (6) 


l 



6 

2 hours. 

c < !• a. (3) 
( C — \0 ( 3 ) 

r 

} f‘V. ( 4 )' 

" U «• (*) . 

f f " 

....> 4 ,,'. (6) 
f hy. (2) 


f 

(£... O (6) 


... '■ ( 2 ) 


. t/. a. (1) 




O ( 4 ) 


1 O (3) 


Owing, probably, to differences in the temperature of the 
water in which they live, regeneration in Tubularia crocea is much 
slower than in Tubularia mcsembryanthemum. In the former 
species a new hydranth rarely develops until two days after the 
removal of the old hydranth, while in the latter species a new 
hydranth frequently regenerates in the course of twenty-four 
hours. In all of the experiments in this series, as shown in the 
above table, a polyp formed on the oral end, A % of the anterior 
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piece, AB , before one developed on the oral end, C f of the prox- 
imal piece, CD, This result might, of course, be expected as 
the oral end, A y closed two hours before the end, C. In no case 
did a polyp develop at the aboral end, D , of the proximal 
piece as soon as one formed at the oral end, C. A start of only 
two hours, however, is sufficient, in most cases, to cause the for- 
mation of a hydranth at D before one develops at the aboral end, 
B % of the distal piece, AB. 

The results obtained when the intervals between the cuttings 
were four, six and eight hours are given in Tables II. to IV. 


Table II. 


Number of 

Interval between 


Result in 

— 


Result in 

— 

1 

Result in 


Individuals. 

Cuttings 

'] 

['wo Days 


T 

hree Day: 

S. 

F. 

our Days 




r J 
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( 4 
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J 

\ 
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(' 

— 
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1 B 
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1 

\ B 
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”\o 
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IO 

4 hours. 
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r 'o'- 
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} *y- 
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! ! 

1 

-\o 

(9) 

re 

... t.a. 

5) 
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" {t.a. 
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) 

\D 

... O ( 

10 ) 

1 

! 

( O 

(3) 

i D. 

S b- 

(i) 






[* 

( t.a. 

( 1 ) 

" VO 
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: 





-\u 
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Table III. 


Number of Interval between Result in Result in Result in 

Individuals. Cuttings. Two Days. Three Days. Four Days. 
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j- 

' ( t.a. 

( 2 ) 

J A .. 

. Ay. 

(S) 



1 0 

(2) 

| B.. 

. O 

(8) 

\B.. 

. O 

(8) 

6 hours. 

' B ... 

O 

(8) 

t c 
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(7) 


’ \ t.a. 

(3) 
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U. 
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* 
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O 
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Table IV. 


Number of Interval Between 
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R 
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There is a great similarity in the results of these experiments. 
In all cases a hydranth formed on the oral end, A, of the an- 
terior piece before one developed at any other cut surface, and 
the rate of development of a polyp from the aboral surface, D , 
was more rapid than that from the aboral surface, B y even in 
those cases in which D had only two hours start over B . In no 
case, however, did a polyp form at D before one. developed at C, 
even in the experiments in which D closed eight hours before C. 
As was the case in the experiments made by Morgan, an interval 
of eight hours between the two cuttings has, apparently, no more 
effect on the regeneration than has an interval of only two hours. 
The formation of a polyp at the oral end, C, of the proximal 
piece, CD , does not prevent the early development of a polyp at 
the aboral end of the same piece, and in some cases there is only 
a few hours interval between the formation of the two hydranths. 
The earlier development of a hydranth at A, however, seems to 
check the formation of a hydranth at the aboral end, B, of the 
distal piece for some time, as in no case did a hydranth develop 
at B until five days after the experiment began. This difference 
in the rate of development at D and at B cannot be due to a 
difference in the lengths of the pieces, because, in making the ex- 
periments, the stems in all cases were cut as nearly as possible 
through the middle and any difference in the lengths of the anterior 
and of the proximal pieces would be too slight to have any ap- 
preciable influence on the result. The earlier closing of the 
aboral end, D y of the proximal piece, CD y evidently counter- 
balances to some extent the influence of the oral end, as sug- 
gested by Morgan. As a result, the development of a polyp at 
D is hastened somewhat, although in no case is a hydranth 
formed here before or as soon as one develops at the oral end of 
the piece. 

The effect of the earlier closing of the aboral end of long 
pieces of the stem, in both Tubularia mesembryanthcmum and in 
Tub ul aria crocca , is to hasten the development of the aboral sur- 
face. The influences that bring about this result are apparently 
not as strong in the latter species as in Tubularia mesembryan - 
the mum where the aboral development may be hastened so much 
that polyps develop simultaneously at both ends of the piece. 
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This seeming difference between the two species may possibly be 
due to the fact that Tubularia crocca , which lives in cold water, 
regenerates very slowly and, therefore, comparatively slight dif- 
ferences in the rate of regeneration at the oral and aboral ends of 
the stem can be readily noted. Tubularia mcscmbryanthcmum , on 
the other hand, lives in much warmer water and its regeneration 
takes place so quickly that it is difficult to detect slight differences 
in the rate of development of the polyps at the cut oral and 
aboral surfaces. 

In a variation of the above experiment, a piece of silk thread 
was tied tightly around the stem about 2 mm. below the hydranth, 
and another piece was tied about 30-40 mm. below the first. 
Both ends of a long piece of stem were, therefore, closed at prac- 
tically the same time in such a way that no regeneration was 
possible from either end of the piece. After the ends had been 
tied, the stem was cut transversely through the middle as in Fig. 
I, B t C f in order to ascertain whether subsequent regeneration 
from the cut surfaces, B , and C, would be hastened in comparison 
with the rate of regeneration from similar surfaces of pieces of 
stem of the same length, cut at the same time, but not closed 
artificially at one end. The control pieces of stem were kept in 
the same dishes with those used in the experiment, and both sets, 
therefore, were under the same external conditions. 

Eight long pieces of stem were used in this experiment. Two 
days after the operation, tentacle anlagen had appeared at the 
cut ends of all of the sixteen pieces, but they were not as well 
developed on the aboral end, Z>, of the anterior piece as they 
were on the oral surface, C \ of the posterior piece. At this time 
there was no indication of any regeneration at the aboral sur- 
face of the anterior piece in the control set of stems, although in 
some cases complete hydranths, in other tentacle anlagen, were 
present on the oral end of the proximal pieces. On the third 
day after the operation, polyps were found on the oral end, C y of 
all of the proximal pieces, both in the control and in the tied 
stems. The development from the aboral surface, B , of the an- 
terior pieces, however, did not keep pace with that at the oral end, 
C ', of the proximal pieces, as at this time only two of the pieces of 
stem tied at one end had produced hydranths at the aboral sur- 
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face, B , the rest had, as yet, developed only tentacle anlagen ; 
in the control stems, no development from the aboral surface, B y 
had taken place in any case. 

It is seen from the above experiments, that the development 
of a hydranth at the oral end of a piece of the stem of Tubu - 
l aria crocca is not hastened by artificially closing the aboral end. 
Tying the oral end of a distal piece of the stem, however, hastens 
the development of the aboral end of the piece as compared with 
the development that takes place from the aboral surface of a 
piece of stem of similar length that is not closed at the oral end, 
as Driesch has shown. This result also agrees with that obtained 
by Loeb (7) in experiments in which he stuck the oral end of 
pieces of the stem of Tubularia mcsembryanthemum in fine sand, 
leaving the other end freely surrounded by water. He found 
that “ Durch Hemmung der Polypenbildung am oralen Ende 
kann man also die Polypenbildung am aboralen Ende besch- 
le unigen.” 

In a third set of ten experiments, hydranth bearing stems 
about 30 mm. in length were removed from the colony and kept 
until a polyp formed on the cut aboral end. The time required 
for the development of these aboral polyps varied from three to 
five days in different cases. After all of the pieces had developed 
hydranths at the aboral end, each stem was cut transversely 
through the middle as in Fig. 2, />, C. The object of these 
experiments was to ascertain whether the presence of a hydranth 
at the aboral end, D , of the proximal piece, CD , would alter the 
polarity of the piece and thus prevent or retard the development 
of a hydranth at the oral end, C. The stems were cut through 
the middle region on June 19. Not until June 22 were there 
any indications of a development of a hydranth at the oral sur- 
face, C, and then only faint traces of tentacle anlagen were found 
in three stems. At this time, no development had taken place 
from the aboral surface, B y of any of the anterior pieces, AB. 
For control experiments, pieces of stem about 30 mm. in length 
were cut through the middle as in Fig. 1, BC ’, at the same time 
that the transverse cuts were made across the stems bearing a 
hydranth at each end, and on June 22, well developed hydranths 
were present at the oral end of all of the proximal pieces. On 
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June 23, three of the ten proximal pieces of stem bearing aboral 
hydranths had also developed hydranths at the oral end ; while 
the oral end of two other pieces of stem showed well developed 
tentacle anlagen which developed into 
hydranths on the following day. No 
further changes took place in any of 
the pieces although they were kept for 
some ten days longer. 

It is seen from the above experiments, 
that the presence of a hydranth at the 
aboral end of a piece of the stem of 
Tubular ia delays, but does not prevent, 
the development of a hydranth at the 
oral end of the piece. This result can- 
not be due simply to the fact that the 
proximal end of the piece was closed 
by the presence of the aboral polyp, 
because, in the previous set of experi- 
ments, it was shown that closing the 
aboral end of a piece of stem by tying 
does not delay the development of a 
polyp at the oral end. It seems prob- 
able that the polarity of the piece was 
changed, for a time at least, by the 
presence of a hydranth at its aboral end 
and, therefore, the influences for hydranth 
formation at the freshly cut oral surface 
were not strong enough to bring about the development of a 
polyp for some days. 

II. Experiments on Branching Stems. 

The following series of experiments were made in order to as- 
certain whether the development of a hydranth on the oral end 
of a stem will influence the rate of development of a hydranth 
on the distal end of a long or of a short piece of a branch, and 
also to determine what conditions are necessary in order that the 
formation of a hydranth at the one place will prevent the forma- 
tion of a hydranth at the other. 
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Scries /. — On June 24, twenty experiments were made in 
which a branch was cut off about 1 mm. from its origin in the 
stem, and then the anterior end of each stem was removed by a 
transverse cut leaving a piece from 10-20 mm. above the place 
of union with the branch (Fig. 3). In one case, a 
hydranth developed on the cut end of the branch two 
days after the operation, and at the same time a 
polyp also formed on the oral end of the main stem 
which in this instance was 20 mm. in length above 
the origin of the branch. In all other individuals at 
this time tentacle anlagen had formed at the oral end 
of the stem, but there was no indication of the devel- 
opment of a hydranth at the cut end of any of the 
branches. On June 27 hydranths were found at the 
oral end of all of the stems and also on the distal 
end of four branches ; all the remaining branches 
had well developed tentacle anlagen excepting one 
which showed no signs of regeneration during the 
course of the week that the hydroids were kept. In 
this set of experiments, therefore, with the exception of the one 
case noted, regeneration of a hydranth took place at the distal 
end of the long stem before a polyp formed at the oral end of the 
short branch. 

The results of this set of experiments might possibly be con- 
sidered to be due to the fact that the longer piece exerted some 
kind of an influence over the shorter piece that would tend to 
alter the polarity of the shorter piece and thus retard develop- 
ment from its cut oral surface. That a larger piece of a hydrozoa 
can influence the polarity of a smaller piece is shown unques- 
tionable in grafting experiments that I made on Hydra viridis 
(King, 6) in which the larger component of the graft either 
absorbed the smaller component or formed a permanent union 
with it. In the latter case, the polarity of the smaller piece was 
completely reversed, if necessary, in order that a structure 
might regenerate on its cut surface that would produce a normal 
polyp. Another factor that might, possibly, cause a delay in the 
development of a hydranth from the cut surface of the shorter 
piece is the length of the piece. Morgan has shown that in 
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branching stems a short piece of a branch or of a stem regener- 
ates as does an isolated short piece, i. e. t the region of the ten- 
tacle anlagen is reduced and the rate of development of a 
hydranth is much slower than that of a hydranth from the cut 
end of a long piece of stem. Both of these factors may help to 
bring about the delay in the development 
of a hydranth from the oral end of the 
shorter piece in all of these experiments 
with branching stems in which there is a 
marked difference in the length of the stem 
and of the branch. 

Series 2. — Seventeen branching stems 
from different colonies were cut so that the 
anterior portion of the stem above the place 
of union with the branch was only about i 
mm. in length, while the length of the 
branch varied in different cases from 8-25 
mm. (Fig. 4). Two days after the opera- 
tion, hydranths had developed at the cut 
ends of thirteen branches, and well developed tentacle anlagen 
were found at the oral ends of the other four branches. No 
hydranths were found at this time at the oral end of any of the 
stems, and tentacle anlagen were only 
faintly defined in some few cases. On 
the next day, hydranths had developed 
at the distal end of all of the branches, 
but only five stems bore hydranths at 
the oral end. In this set of experiments 
the development of a hydranth took place 
more rapidly from the cut end of the 
long branch than from the oral end of 
the main stem. 

Series j. — Twelve experiments were 
made in which the anterior end of the 
stem and the distal end of the branch 
were cut off so that the length of the 
branch and of the stem above the place 
of union was practically the same, varying in different cases 
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from 8-20 mm. (Fig. 5). Two days after the operation, there 
were well developed hydranths on the ends of three branches 
and only tentacle anlagen on the oral ends of the correspond- 
ing stems. In two cases hydranths had developed on the end 
of the branch and also on the cut surface of the stem ; while 
• in the other cases only tentacle analgen were found, and they 
were equally well-developed on the branch and on the oral 
end of the stem. During the following two days, hydranths 
formed on all of the cut ends, sometimes the hydranth developed 
on the end of the stem before it did on the branch, and some- 
times the hydranth appeared first on the branch. As a general 
result of this series of experiments it can be stated that hydranths 
develop at about the same rate when both the branch and the 
anterior portion of the stem are approximately the same length. 

Scries 4. — In the previous set of experiments both the branch 
and the anterior portion of the stem were of considerable length 
and both developed at about the same rate. In order to see if 
similar results would be obtained if the pieces were very short, 
fifteen experiments were made in which the branch and the stem 
were cut off about 1 mm. above their point of union 
(Fig. 6). When the hy droids were examined three 
days after the operation, hydranths were found on the 
oral end of the stem and not on the cut end of the 
branch in five cases ; while in four hydroids, polyps 
had developed on the branch and not on the oral end 
of the stem ; in the remaining six cases, hydranths 
were present at the distal end of both branch and 
stem. 

In those cases in which one or the other cut sur- 
face failed to develop a hydranth, the coenosarc appeared to be 
entirely with drawn from this part. When these stems were ex- 
amined under the microscope, the streaming of granules in the 
interior cavity was visible only in the proximal part of the main 
stem and in the part of the stem or branch that had regenerated. 
In the cases in which hydranths formed at both cut surfaces, the 
streaming of granules was found in all parts of the stem and also 
in the branch. 

In this set of experiments, regeneration seemed to take place 
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with equal rapidity from the cut oral surface of the branch and of 
the stem, as was the case in the experiments described under 
series 3. If the pieces above the place of union of the branch 
and stem are of approximately the same length, no matter how 
long or how short they may be, the influences for hydranth for- 
mation appear to be alike in both, and one piece has, seemingly, 
no effect on the other. Where the coenosarc is withdrawn entirely 
from one part of the hydroid, as was noted in some few cases in 
the last set of experiments, no regeneration of the piece is 
possible. 

In experimenting on Tubularia crocca , Morgan (9) found that 
if he cut off both the main stem and the branch a little above the 
place of union, the results varied considerably in different cases. 
In some instances he obtained the regeneration of a hydranth 
on the branch and not on the oral end of the stem ; in other 
cases a polyp formed only at the oral end of the main stem ; 
and in still other individuals regeneration took place from the cut 
surfaces of both branch and stem. It seems probable that the 
lack of uniformity in these results can be attributed to a difference 
in the relative lengths of the branch and of anterior portion of 
the stem above the point of insertion of the branch. It is, of 
course, impossible to cut the branch and stem at absolutely 
equal distances from the place of their union, and in those cases 
in which regeneration from one cut surface took 
place before it did from the other, there may have 
been just enough difference in the lengths of the 
pieces to bring about the earlier regeneration of a 
hydranth on the cut oral surface of the longer 
piece. 

Series 5. — In twenty-eight cases the stem was 
cut off transversely just above the origin of the 
branch as shown in Fig. 7. The oral end of the 
branch wasi then removed leaving a piece, from 3 
to 5 mm. in length, still attached to the stem. The object 
of these experiments was to see whether the regeneration of a 
hydranth at the oral end of the stem could be entirely pre- 
vented by this means. Two days after the operation, hydranths 
had developed at the cut end of the branch in nine of the hy- 
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droids and well-developed tentacle anlagen were present on the 
other branches ; there was no indication of a regeneration at the 
oral end of any of the stems. The next day all of the branches 
bore hydranths, and in but one case had any regeneration taken 
place at the oral end of the stem. In this instance, the stem 
extended about o. 5 mm. above the place of insertion of the 
branch and a considerable amount of red pigment had collected 
at its extreme oral end. In the course of forty-eight hours more 
a polyp formed on the oral end of this stem but no regeneration 
took place at the oral end of any of the other stems, although 
they were kept for over a week. 

Series 6 . — Sixteen experiments were made in which the branches 
were cut off very close to their origin on the stem. The oral 
end of the stem was then removed leaving a piece about 5 mm. 
in length above the origin of the branch, in order to see whether 
the formation of a hydranth at the oral end of the stem would 
prevent or merely delay the formation of a polyp at the place 
where the branch was removed. In all cases the wound in the 
side of the stem healed over very quickly and, although the 
hydroids were kept alive for a number of days, no regeneration 
of any kind took place at the point of injury. 

Series 7. — In ten cases the entire branch was removed from 
the stem, but the old hydranth at the distal end of the stem was 
not cut off. The result was the same as in the previous set of 
experiments, as the cut surface was very soon covered over and 
no subsequent regeneration took place from it. 

Series S. — In sixteen cases where long pieces of stem bore 
from two to four branches, the anterior end of the stem and the 
apical end of each branch were removed by transverse cuts leav- 
ing the lengths of the branches approximately the same as that 
of the stem above the origin of the most anterior branch. The 
experiments were made to see if there is any difference in the 
relative rate of regeneration of the anterior branches and of the 
proximal ones. There was no uniformity whatever in the results 
of this set of experiments. In some cases a hydranth regenerated 
on a posterior branch before it did on the oral end of the main 
stem ; and in other cases all of the branches produced hydranths 
at the same time that one developed at the oral end of the stem. 
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III. The Regeneration oe Short Pieces of the 
Stem of Tubularia. 

It was first noted by Bickford (1), and later confirmed by 
Driesch (2) and by Morgan, that small pieces of the stem of 
Tubularia about 1 mm. in length are capable of regenerating. In a 
recent paper, Hargitt (5) states that he was unable to obtain any 
regeneration from pieces of the stem of Tubularia crocea and of 
Tubularia tenella that were as much as 3-4 mm. in length. This 
result was probably due to the poor condition of the stems when 
the experiments were made. Small pieces of the stem of some 
other hydroids, do not appear to possess as great a power of 
regeneration as Tubularia , for Gast and Godlewski (4) have 
found that pieces of the stem of Pcnnaria cavolinii about 1 mm. 
in length never produce hydranths and pieces 2 mm. in length 
regenerate hydranths but rarely. Bickford’s experiments on 
small pieces of the stem of Tubularia tenella show that, in this 
species, regerterative processes are not restricted to any special 
region of the stem, and also that such short pieces tend to form 
one complete hydranth rather than to produce double abnormal 
structures. 

In experimenting on Tubularia mesembryantlicmum , Driesch 

(2) found that of 82 short pieces of stem, 5 formed a single 
proboscis, 26 formed a double proboscis, and the remaining 51 
pieces produced hydranths. These results agree with those of 
the earlier experiments of Bickford. In a later paper, Driesch 

(3) states that at the oral end of the stem one seldom gets a 
whole hydranth, but usually a single or a double proboscis ; 
from the middle zone hydranths usually develop ; while from the 
aboral end of the stem, these structures are rarely produced. 
This difference in the kind of regeneration from the various parts 
of the stem Driesch attributes to the situation of the small piece 
in the original individual and to the different distribution of the 
hydranth-forming pigment in the ccenosarc of the different parts. 
Since Morgan and also Stevens (11-12) have proven the fallacy 
of the hypothesis of “red formative stuff” in Tubularia , this 
portion of Driesch’s explanation is, of course, no longer tenable. 

Morgan (8-10) has made an extended series of experiments with 
small pieces of the stem of both Tubularia mesembryanthennnn 


Digitized by U.ooQle 



300 


HELEN DEAN KING. 


and of Tubular ia crocca. He finds, as did Driesch, that pieces 
about I mm. in length from the region immediately behind the 
old hydranth usually die, even when longer than pieces from a 
more proximal region that regenerate. When this distal region 
does regenerate, it produces a greater number of single proboscides 
than of other forms, a result that might be expected as this part 
of the stem ordinarily goes into the proboscis of the new hydranth 
wh$n a long piece of stem is regenerating. 

In another set of experiments, Morgan cut pieces of the stem 
of Tubularia inesembryanthemum into a series of small pieces 
about i mm. in length in order to observe the behavior of con- 
secutive pieces from one stem and to compare the results with 
those obtained from similar pieces cut from other stems. His 
tables do not show any very definite results although there seems 
to be a certain similarity in the behavior of pieces of the same 
stem, and the incomplete structures are found most frequently 
at the distal end of the stem. 

At the suggestion of Professor Morgan, I repeated his experi- 
ments, using Tubularia crocca, in order to furnish more data from 
which definite conclusions could be drawn. In making the ex- 
periments the old hydranths were removed and the distal part of 
the stem was cut into consecutive pieces about I mm. in length. 
The pieces were than laid in rows on the bottom of flat dishes 
filled with fresh sea water. For the sake of brevity the follow- 
ing abbreviations are used in the tables given : hy. = complete 
hydranth without any stalk ; hy. + stalk = hydranth with a 
short stalk that has been formed by a withdrawal of the cceno- 
sarc from the perisarc ; hy. + stem = hydranth with a stem 
attached to the perisarc ; pb. = single proboscis ; d. pb = double 
proboscis ; reprod. = reproductive organs. The results tabulated 
are from observations made three to four days after the operation. 


Table V. 


Number of 

Kind of Structure 

Number of 

Kind of Structure 

Piece. 

Regenerated. 

Piece. 

Regenerated. 

I 

pb. with no tentacles. 

6 

pb. 

2 

d. pb. 

7 

d. pb. 

3 

pi>. 

8 

hy. -f- stem. 

4 

d. pb. -b reprod. 

9 

d. pb. 

5 

Pb- 

IO 

d. pb. 
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Table VI. 


Number of 

Kind of Structure 

Number of 

Kind of Structure 

Piece. 

Regenerated. 

Piece. 

Regenerated. 

I 

pb. 

6 ‘ 

dead. 

2 

d. pb. 

7 

pi). 

3 

d. pb. 

8 

pb. 

4 

dead. 

9 

4ead. 

5 

d. pb. 

10 

dead. 


* 

Table 

VII. 

• 

Number of 

Kind of Structure 

Number of 

Kind of Structure 

Piece. 

Regenerated. 

Piece 

Regenerated. 

I 

d. pb. 

6 

d. pb. 

2 

pb. 

7 

d. pb. 4- reprod. 

3 

pb. 

8 

pb. 

4 

pb. 

9 

hy. 4 - stem. 

5 

hy. 

10 

pb. 


Table VIII. 


Number of 

Piece. 

Kind of Structure 
Regenerated. 

Number of 
Piece. 

Kird of Structure 
Regenerated. 

I 

dead. 

6 

pb. 

2 

d. pb. 

7 

pb. 

3 

d. pb. 

8 

hy. 4- stalk. 

4 

P b. 

9 

pb. 

5 

pb. — reprod. 

10 

d. pb. 


Table IX. 


Number of Kind of Structure Number of Kind of Structure 

Piece. Regenerated. Piece. Regenerated. 


1 

2 

3 

4 

5 


dead. 


pb. 

pb. 

hy. — stem, 
pb. 


6 pb. -f- reprod. 

7 pb. 

S hy. — stem. 

9 Pb- 

10 dead. 


Table X. 


Number of 

Kind of Structure 

[j Number of 

Kind of Structure 

Piece. 

Regenerated. 

Piece. 

Regenerated. 

I 

pb. 

6 

pb. 

2 

d. pb. 

7 

hy. 4 - stem. 

3 

d. pb. 

8 

pb. 

4 

d. pb. 4- reprod. 

9 

hy. 

5 

pb. 

10 

dead. 
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As was the case in the experiments made by Morgan, the 
results for corresponding pieces of different stems are far from 
uniform, and it is not possible to determine what kind of a struc- 
ture will be produced by a small piece from a given region of 
the stem. It is evident that the power to form either complete 
or double structures is present throughout the stem, and just 
what conditions are necessary to produce certain structures have 
not, as yet, been fully determined. .Morgan has suggested that 
possibly the factors in determining the kind of regeneration are 
(x) the smallness of the piece, (2) the differences in the region of 
the original stem from which the pieces came (this factor had 
been previously suggested by Driesch), (3) the age of the piece, 
as the younger the stem the more likely it would be to form 
incomplete structures. 

According to this set of experiments short pieces, no matter 
from what part of the stem they are taken, are more liable to 
produce proboscides than to form hydranths. When the latter 
structures appear they are usually produced by the more proxi- 
mal pieces of the stem, the distal end of the stem showing a great 
tendency to produce incomplete structures. These results are 
very similar to those obtained by Morgan on Tubularia mcsati - 
bryanthcmum. 

In order to ascertain whether the double structures that are so 
often obtained in such experiments are produced because the 
small pieces of the stem are open at both ends and not because 
there is insufficient material in the piece to produce a complete 
hydranth, Morgan tied one end of a short piece with silk thread, 
and found that, under these conditions, double structures are 
never produced. Later he planted short pieces of stems in rows 
in sand so that one end was buried and the other freely sur- 
rounded by water. In two instances only was a double proboscis 
formed, in all other cases single structures, either incomplete or 
whole, more often the latter were produced. 

In repeating these experiments of closing one end of a short 
piece of the stem of Tubularia in order to ascertain the effect on 
the kind of structure produced, the following method was used: 
Shallow, flat dishes were covered on the bottom with a layer of 
paraffine about one fourth of an inch in thickness, and then, with 
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the blunt end of a large needle about the diameter of a tubularian 
stem, rows of holes were made in the paraffine about 0.5 mm. in 
depth. The dishes were filled with water and the long pieces of 
stems were put in them and cut into consecutive pieces about 1 
mm. in length. One end of each piece was then inserted in a 
hole that was just large enough to receive and hold it upright. 
This method has the advantage that the inserted end of the piece 
of stem is in contact with the paraffine and cannot become free if 
the experiment is properly done. The results of this series of 
experiments are summarized in the following tables in which the 
abbreviations used are the same as those previously employed. 

Table XI. 


Number of 

Structure Produced. 

Number of 

Structure Produced. 

Piece. 


Piece. 

I 

pb. 

5 

dead. 

2 

pb. 

6 

pb. 

3 j 

pb. -- reprod. 

7 

dead. 

4 

dead. 

8 

pb. 


Table 

XII. 


Number of 

Structure Produced. 

Number of 

Structure Produced. 

Piece. J 


Piece. 

• 1 

pb. 

5 

pb. 

2 j 

pb. 

b 

pb. 

3 1 

by. 

7 

pb. 

4 

dead. 

8 

dead. 


Table 

XIII. 


Number of ! 

Structure Produced. 

Number of 

Structure Produced. 

Piece. 

Piece. 

I 

pb. 

5 

dead. 

2 

dead. 

0 

pb. -f- reprod. 

3 

d. pb. 

7 

pb. 

4 

dead. 

S 

pb. 


Table 

XIV. 


Number of 

Structure Produced. 

Number of 

Structure Produced. 

Piece. 


Piece. 


I 

hy. 

5 

dead. 

2 

pb. 

6 

dead. 

3 

pb. 

7 

pb. 

4 

pb. 

8 

dead. 
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Number of 
Piece. 

1 

2 

3 

4 


Table XV. 


Structure Produced. 


Number of 
Piece. 


pb. 5 

pb. 6 

pb. -f reprod. ,| 7 

pb. 8 


Structure Produced. 


pb. 

dead. 

dead. 

dead. 


Table XVI. 


Number of 
Piece. 

Structure Produced. 

Number of 
Piece. 

Structure Produced. 

I 

pb. 

! 5 

pb. 

2 

pb. 

6 

pb. 

3 

pb. 

7 

pb. 

4 

hy. — stem. 

!! 8 

dead. 


Table 

XVII. 


Number of 
Piece. 

Structure Produced. 

Number of 

1 Piece. 

Structure Produced. 

I 

pb. 

5 

pb. 

2 

pb. -f- reprod. 

'1 6 | 

dead. 

3 

pb. 

7 

dead. 

4 

pb. 4 reprod. 

!! 8 

dead. 


Table 

XVIII. 


Number of 

Structure Produced. 

Number of 

Structure Produced. 

Piece. 

Piece. 


I 

dead. 

5 

dead. 

2 

pb. 

6 

hy. -f* stalk. 

3 

pb. 

7 

! P b - 

4 

pb. 

8 

dead. 



Table 

XIX. 


Number of 

Structure Produced. !| 

Number of 

! Structure Produced. 

Piece. 


Piece. 


I 

pb. i 

5 

dead. 

2 

pb. 4- reprod. 

6 

dead. 

3 

hy. -f stalk. 

7 

hy.4stem. 

4 

pb. |,i 

8 

! hy.-j-stem. 


Table XX. 


Number of 

Structure Produced, 

Number of 

| Structure Produced. 

Piece. 


Piece. 

I 

pb. 

5 

pb. 

2 

pb. 

6 

pb. 

3 

hy. 4 stem. 

7 ! 

pb. 

4 

dead. 

8 

dead. 
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Table XXI. 


Number of 
Piece. 

Structure Produced. j 

Number of 
Piece. 

Structure Produced. 

I 

pb. 

s 

dead. 

2 

pb. 4 - reprod. 

6 

pb. 

3 

pb. 

7 

pb. 

4 

hy. 4- stem. 

8 

dead. 


Table 

XXII. 


Number of 
Piece. 

Structure Produced. 

Number of 
Piece. 

Structure Produced. 

I 

pb. 

5 ; 

pb. 

2 

dead. 

6 

by. 4- stalk. 

3 

pb. -|- reprod. 

7 

pb. 

4 

pb. 

8 

dead. 


The results of these experiments confirm those obtained by 
Morgan in every respect, as double structures were produced 
very rarely, only one being obtained in the entire series of 
experiments. There seemed to be no distinctive individual dif- 
ferences in the pieces of stem as regards the structures produced. 
In only one case (Table XIX.) were as many as three hydranths 
produced, while in the tables given by Morgan for Tubularia 
mesembryanthemum , whole series of pieces from the same stem 
produced hydranths. 

If a comparison is made between the results shown in Tables 
XI. to XXII. and those shown in Tables V. to X., the most 
noticeable difference is that a very much greater number of 
double structures were produced when short pieces of the stem 
were lying on their sides during the process of regeneration. In 
both sets of experiments single proboscides were the structures 
most frequently produced, and very little individual difference 
could be detected in the stems regarding the kind of structure 
that they would tend to produce. 

The development of small pieces of the stem of Tubularia 
standing on one end is considerably slower than that of similar 
pieces lying on one side. In the latter case, development takes 
place in about two days ; while in the former case the various 
structures never appear under three days, and usually not under 
four or five days. Many pieces, usually those nearer the proxi- 
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mal end of the stem, die when the pieces stand on one end. This 
result may be due to the fact that the conditions under which 
regeneration takes place are not as favorable when the end of a 
small piece of stem is closed by contact with some foreign sub- 
stance, as when the piece lies on one side and the cut ends are 
allowed to close in a normal manner. 

Bryn Mawr College, 

Bryn Mawr, Pa., ^larch 23, 1904. 
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THE OOGENESIS OF BUFO LENTIGINOSUS. 


Helen Dean King. 

The present paper records the results of an investigation 
of the oogenesis of the American toad, Bufo lentiginosus, 
which was undertaken, primarily, in order to trace the history 
of the chromatin from the oogonia to the maturation period 
of the oocytes and thus to complete my study of the chro- 
matin behavior in the germ-cells of this amphibian. The 
work has necessarily involved a detailed study of the nucleoli, 
since these structures are closely associated with the chromatin 
at certain periods of development; and it has been extended 
to include an investigation of the yolk formation, as the 
material seemed especially favorable for this purpose. 

This study was begun several years ago at Bryn Mawr Col- 
lege, but was laid aside for various reasons until this past 
year, when it was completed at the Biological Laboratory of 
the University of Pennsylvania, where I was holding a Uni- 
versity Fellowship for Research in Zoology. I take this op- 
portunity to express my obligations to Professor E. G. Conk- 
lin for many valuable suggestions during the course of my 
investigations. 


I. Material and Methods. 

Bufo lentiginosus is found very abundantly in the vicinity 
of Philadelphia; and, as the tadpoles are easily reared in the 
laboratory, several different series of preparations have been 
obtained consisting of larvae killed at frequent intervals from 
the time of hatching until metamorphosis. These series give 
all stages in the development of the germ-cells up to the 
early growth period of the oocyte. For the study of the later 
development of the ova, young toads with a body length of 
I-5-5.5 cm. were collected at various times from June until 
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September. In order to compare the development of the 
ova in the young toad with that of the ova in the adult, por- 
tions of the ovaries of mature females were preserved at 
different times during the summer months. As the eggs ap- 
pear to develop along similar lines in all toads, ovaries of 
young females were used principally for these investigations, 
since in them the ova are more nearly uniform in size than 
they are in the adult, and in a single section it is possible to 
find a large number of eggs in practically the same stage of 
development. 

The very conflicting results that have been obtained by the 
investigators who have studied the development of the germ- 
cells in amphibians can doubtless be attributed, in part at 
least, to the great diversity of ways in which the material 
has been preserved. Carnoy and Lebrun, who have studied 
the germinal vesicle in the eggs of many different species of 
amphibians, unhesitatingly recommend Gilson's fluid as the 
best fixative for the amphibian egg. I have not found that 
this liquid gives a satisfactory fixation of the egg of Bufo, 
as it usually causes a decided shrinkage of the nucleus and, 
at certain stages, a distortion of the nuclear contents. A 
number of different fixing fluids have been tried during the 
course of these investigations, among which may be mentioned 
Zenker’s fluid, corrosive-acetic (5 per cent acetic acid), cor- 
rosive-formalin (Bourn's method), picro-acetic, Flemming’s 
solution, chromic-acetic, and Hermann's fluid. Flemming’s 
solution (strong formula) is the best fixative for the oogonia 
and the early growth stages of the oocytes, although Zenker’s 
fluid and Hermann's fluid give very good results. After the 
yolk has formed Flemming's solution does not penetrate the 
egg sufficiently well to give a satisfactory fixation. For this 
later period I have found that the chromic-acetic solution 
recommended in a previous paper (King, 49) gives the best 
preparations. Corrosive-acetic acid is also a good fixative for 
the egg at this period of its development, but it is especially 
valuable for the maturation stages. Corrosive-formalin and 
picro-acetic do not give a satisfactory fixation of the egg of 
Bufo at any stage of its development. 
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Of the great variety of combination stains that have been 
experimented with at different times in the hope that it might 
be possible to differentiate the chromatin from the nucleoli, 
safranin and gentian violet, used in the manner recommended 
by Hermann (39), proved to be by far the best. This stain is 
rather difficult to use, but when a satisfactory preparation has 
been made, all of the plasmosomes are stained a vivid red and 
stand out in sharp contrast to the chromatin which is a deep 
blue, while the structures which I have called “compound- 
nucleoli” are stained purple. Much of the material was stained 
with iron haematoxylin and orange G. This combination does 
not differentiate the nucleoli from the chromatin; but it gives 
such clear, sharp outlines that it is of great value in studying 
the early stages in the development of the oocytes when the 
chromatin stains but faintly and cell boundaries are difficult 
to determine. Borax carmine combined with Lyon’s blue, 
safranin followed by Lichtgriin, and Delafield’s haematoxylin 
with orange G. also give good preparations, particularly of the 
later growth stages of the oocytes. 

II. The Primordial Germ-Cells. 

Owing to the large amount of yolk in the embryo and to 
the vagueness with which the cell boundaries are defined, it is 
impossible to trace the germ-cells in Bufo back to the segmen- 
tation stages of the egg, as has been done in other more favor- 
able forms. Not until a tadpole is five or six days old and has 
attained a length of about 4 mm. can one point out definitely 
the group of cells that will develop into the genital ridge. 
At this stage of development the lateral plates of mesoderm 
(Fig. 1, L. M.) are well defined; the cells are small, with 
clear outlines, and they contain but comparatively little yolk. 
In the endoderm (Fig. 1, E. ) on the contrary, the cells are 
very large; they are filled with yolk spherules which stain very 
deeply with iron haematoxylin, and their boundaries are ir- 
regular and difficult to determine. In the mid-dorsal region 
of the embryo there is usually found at this time a ridge of 
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cells (Fig. i, G) which lies directly beneath the aorta (Ao.) 
and between the lateral mesodermal plates (L. M.). The cells 
of this ridge resemble the cells of endoderm in all respects and 
they are continuous with the endodermal cells which later form 
the lining of the digestive tract: there is no probability that 
these cells are of mesodermal origin, since they are always 
sharply marked off from the lateral mesodermal plates. When 
the tadpole is eight or nine days old this ridge, of cells becomes 
separated from the endoderm, and it then forms a median cord 
of cells, the genital ridge, lying between the cardinal veins 
and supported by the mesentery (Fig. 2 G). The cells of 
the genital ridge are very conspicuous in sections at this time, 
as they still contain numerous large, deeply staining yolk 
spherules, although the neighboring cells have already absorbed 
the greater part of their yolk. 

Many investigators who have studied the origin of the 
germ-cells in amphibians have asserted that these cells are 
derived from a germinal epithelium which is a modifica- 
tion of the peritoneal epithelium lining the body-cavity. This 
is the view advocated by Waldeyer (91), Semon (84), Hoff- 
mann (44), Kolessnikow (55), Leydig (60), Spengel (86), 
Iwakawa (45), and more recently by Bouin (11). The last 
named investigator, however, admits the possibility that the 
first germ-cells in Rana are derived from endoderm, since in 
early stages of development they have all of the character- 
istics of the primitive endodermal cells. On the other hand, 
Nussbaum (73) maintains that in amphibians, and also in 
other vertebrates, the germ-cells are not derived from perito- 
neal epithelium, but that they are developed from undifferen- 
tiated embryonic cells which are set apart during early cleav- 
age for this especial purpose. This theory has been supported 
by the researches of Woods (95) on Acanthias, and by Beard 
(7) on Raja batis. The latter investigator states: “The germ- 
cells may be regarded as unicellular organisms which pass 
one part of their life-history within a multicellular sterilized 
stock, the embryo or metazoon, formed by one of them at a 
definite period in the life-cycle.” 
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In Bufo, as in the turtle and in the frog according to the 
investigations of Allen (i, 2), the germ-cells arise in con- 
nection with the endoderm. Allen’s recent account of the 
origin of the sex-cells in Rana pipiens agrees essentially with 
what I have found in Bufo. I cannot be sure, however, that 
in Bufo the ridge of germ-cells is separated from the endoderm 
“by the approximation of the lateral plates of mesoderm,” al- 
though many sections give this impression. During this early 
period of development, when so many organs are rapidly being 
differentiated from embryonic tissue, it is impossible to tell 
exactly what forces or combination of forces are at work shift- 
ing the materials from one place to another. It is possible, as 
Allen suggests, that the germ-cells themselves take an active 
part in the processes which separate them from the endoderm, 
since it is apparently only through their own activity that 
they reach their final position in the embryo. Since Hertwig 
(41), Boveri (12), and others have traced the germ-cells 
back to segmentation stages, and Conklin (21, 22) has found 
various organ-forming substances in definite areas in the un- 
segmented egg, it seems meaningless to speak of organs as 
arising from any definite “germ-layer,” although the conven- 
ience of such a starting point for the study of the development 
of any structure is obvious. Owing to the character of the 
embryonic cells it is seemingly impossible to trace any organ 
in Bufo back to early cleavage stages, and the sex-cells are 
not clearly defined until the tadpole is about five days old. 
At this stage of development the germ-cells still retain their 
earlier embryonic character, and they are in contact with and 
closely resemble the endodermal cells. Instead of asserting 
that the germ-cells in Bufo are endodermal in origin, it seems 
to me more in keeping with the results of the investigations on 
other more favorable forms to assume that these cells in Bufo 
are of like generation with the primitive endodermal cells and 
that both kinds of cells arise from neighboring regions of 
the unsegmented egg. It may sometimes be possible to deter- 
mine the organ-forming regions in the unsegmented egg of 
Bufo as Conklin has done in the egg of Cynthia. 


A 
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When the genital ridge is first clearly marked off from the 
endoderm it occupies a median position between the cardinal 
veins and beneath the aorta (Fig. 2), as Bouin and Allen 
have stated is the case in Rana. If a section of the ridge in 
this stage of development is examined under high power one 
finds that it is composed of two distinct types of cells, one 
many times larger than the other (Fig. 3). The large cells, 
which are filled with yolk spherules and have vaguely defined 
boundaries, are the primordial germ-cells. The nuclei of these 
cells have the “mulberry” shape which La Valette St. George 
(78) discovered to be a characteristic of the nuclei in the 
spermatogonia of Salamandra, and they are usually crowded 
by the yolk spherules into one corner of the cell. The chromatin 
in these nuclei is in the form of minute, faintly staining gran- 
ules which are distributed on linin threads or along the nuclear 
membrane. Each nucleus contains several rounded, deeply 
staining nucleoli of various sizes. Judging from their stain- 
ing reactions most of these nucleoli are plasmosomes, and only 
one or two of the smaller ones are karyosomes. Scattered 
among these germ-cells, and frequently flattened against them, 
are numerous small cells which resemble in all respects the 
cells of the peritoneal epithelium from which they doubtless 
have been derived. These cells are very much smaller than the 
germ-cells ; they contain no yolk and they have an elongated, 
deeply staining nucleus which is very large in proportion to 
the size of the cell. Doubtless these cells migrate into the 
genital ridge after the formation of the mesentery, since there 
are no cells of this type in the genital ridge at the stage of Fig. 
1, and I have seen nothing that would indicate that they are 
derived from the germ-cells. 

Bouin has stated that he finds in Rana temporaria transi- 
tional stages between peritoneal cells and primordial germ- 
cells, and he believes that before the metamorphosis of the 
tadpole new germ-cells are constantly arising from peritoneal 
cells. These observations have not been confirmed by Allen 
(2) in his study of the origin of the germ-cells in Rana pipiens, 
and in Bufo I can find no evidence that the germ-cells are 
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derived from peritoneal cells at any stage of development. The 
peritoneal cells in the genital ridge vary considerably in size 
and some may be nearly twice as large as others. In all cases, 
however, the cell contains comparatively little protoplasm and 
no yolk; while the nucleus maintains a characteristic appear- 
ance and stains very deeply, thus standing out in sharp contrast 
to the larger, more irregular, and more faintly staining nuclei 
of the germ-cells. 

The development of the genital ridge proceeds. from before 
backward. In a section of the anterior part of the ridge there 
are usually from 5-8 large germ-cells (Fig. 3), while in a 
more posterior section there are rarely more than three of 
these cells. In older tadpoles the difference in the rate of 
development of the different parts of the genital ridge is even 
more strongly marked, since the anterior portion of the ridge 
may have taken on its definite character as an ovary or a testis 
while the posterior portion remains in an apparently indifferent 
state. 

When a tadpole is ten or eleven days old, the yolk spherules 
begin to disappear from the cells of the genital ridge and the 
structure of the germ-cells can then be more clearly seen (Fig. 
4). At this time the germ-cells are more rounded than they 
were at an earlier period and, as they contain fewer and 
smaller yolk spherules, the polymorphic nucleus is usually 
found in the centre of the cell. With the exception of the 
large plasmosomes, the nuclear contents still show little capac- 
ity for staining either with plasma or with chromatin stains. 
By this time many peritoneal cells have become flattened 
against the germ-cells and have thus assumed the role of fol- 
licle cells. The boundaries of these follicle cells become very 
indistinct, and in many cases the cytoplasm seems to disappear 
entirely leaving the deeply staining nuclei in contact with the 
germ-cell. 

In early stages of development the germ-cells are not al- 
ways confined to the genital ridge. At the right, in Fig. 4. 
is a cell (Y) which lies considerably outside of the germinal 
area and directly under the Wolffian tubule: in Fig. 5, at the 
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left of the aorta are two germ-cells which lie above the level 
of the genital ridge. Such germ-cells must eventually come 
into the germinal area or degenerate, since cells of this char- 
acter are never found outside of the genital ridge in later 
stages of development. I have never found cells with the 
characteristics of germ-cells in the mesoderm or in the ecto- 
derm. 

In a tadpole twelve to fourteen days old there is usually 
found the beginning of a separation of the median genital 
ridge into two ridges symmetrically placed one on each side 
of the middle line (Fig. 5). This division of the genital ridge 
is evidently brought about through the activity of the germ- 
cells, although I have never been able to find any evidence 
of amoeboid movement in these cells. A longitudinal section 
through a tadpole thirteen days old (Fig. 6) shows that, at the 
time the genital ridge is dividing, the germinal area extends 
from about the level of the liver nearly to the posterior end of 
the body-cavity. When the division is completed the anterior 
portion of each genital ridge contains from two to five germ- 
cells (Fig. 7), while the middle and posterior portions rarely 
contain more than one or two germ-cells (Fig. 8). Sections 
through the posterior region of a genital ridge frequently con- 
tain only the peritoneal cells (Fig. 9) which seem to be 
crowding into the germinal area in increasing numbers at this 
time. * 

The primordial germ-cells in the sex-gland of a tadpole 
about to undergo metamorphosis are similar to those found 
in the genital ridge at the stage of Fig. # 4, except that they 
contain only a small amount of yolk. After the greater 
part of the yolk has been absorbed there is found in the cyto- 
plasm of the^e cells a small, round, deeply staining, apparently 
homogeneous body which is sometimes, though not invariably, 
surrounded by a clear area (Fig. 8, V). This body, which I 
shall call the vitelline body, divides previous to the cell mitosis 
(Fig. 7, V), and one of these bodies is to be found subse- 
quently in each of the daughter cells. 

In addition to the vitelline body, there is found in the 
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cytoplasm of the germ-cells, usually close to the nucleus, a 
small centrosome which is surrounded by a rounded, granular 
attraction-sphere (Fig. 8, C). This centrosome divides very 
early in preparation for the cell mitosis, and, as shown in Fig. 
7, it is sometimes possible to find a section of a cell which con- 
tains two centrosomes as well as two vitelline bodies. Such 
a section shows conclusively that the vitelline body is not de- 
rived from the centrosome and that there is no relation be- 
tween these bodies. I have, as yet, no clue to the origin of 
the vitelline body which, as will be shown later, is undoubt- 
edly concerned in the formation of yolk nuclei. A structure 
similar to the vitelline body is found in the cytoplasm of the 
spermatogonia of Bufo, and it can be traced directly to the 
spermatids where it gives rise to the acrosome of the mature 
spermatozoon. Since Meves (69), McGregor (63), and Bro- 
man (13) have found that the acrosome of the amphibian sper- 
matozoon is derived from the idiozome, I suggested in a 
previous paper (King, 52) that the body in Bufo which forms 
the acrosome might possibly be derived “from a condensation 
of a portion of the attraction-sphere at an early period in the 
history of the primary spermatogonia. ,, My study of the 
primordial germ-cells has not given any support to this hy- 
pothesis since, although this body is usually found near the 
attraction-sphere (Fig. 7), the two structures are clearly dis- 
tinct at all times and there is not the slightest evidence that 
the former is derived from the latter. In its size and general 
appearance the vitelline body closely resembles the small 
nucleoli in the nuclei of the primordial germ-cells, but I have 
seen nothing that would indicate that it is of nucleolar origin. 
The later history of this structure in the ova strongly suggests 
that it is a secretion product of the cytoplasm formed, pos- 
sibly under the influence of the nucleus, but not from nuclear 
material. 

According to the investigations of Bouin, the increase in the 
number of germ-cells in Rana is brought about through a con- 
tinuous process of transformation of peritoneal and mesen- 
chyme cells into sex-cells, not by mitosis nor by direct division 
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of the germ-cells already present in the germinal area. In 
Bufo I have found that the multiplication of the germ-cells 
is solely through mitotic division of the primordial cells 
evolved from embryonic issue. Although mitotic figures are 
comparatively rare during the early stages of development 
they are found very abundantly when the tadpole approaches 
metamorphosis, and in a single section of the ovary of a toad 
killed at this time one may find several cells that are preparing 
to divide (Fig. 17, P). Stages in the division of the primor- 
dial germ-cells are shown in Figs. 10-14. In the early pro- 
phase of mitosis the chromatin forms a thick spireme which is 
so much convoluted that it is impossible to determine whether 
it is continuous or not. This spireme is subsequently broken 
into segments of various lengths (Fig. 10). There are 24 
of these segments, this being the number that is characteristic 
of the somatic cells of the species. Usually all of the nucleoli 
have disappeared before the segments are formed, but some- 
times, as shown in Fig. 10, Nu., a nucleolus will persist until 
a much later period. This would seem to indicate that the 
nucleoli are not used in the formation of the chromosomes. 
The chromatin segments shorten gradually and form broad, 
V-shaped loops which can readily be arranged in pairs ac- 
cording to their lengths (Figs. 11, 12). In the metaphase 
the chromosomes are arranged in a circle with the angle of 
the V turned towards the centre of the spindle (Figs. 11, U* 
15); and, as they subsequently undergo a longitudinal divi- 
sion, much narrower V-shaped chromosomes are found at the 
spindle poles in the late anaphase (Fig. 14). 

In sections of the ovary of a tadpole killed at the time of 
metamorphosis germ-cells are frequently found which appear 
to contain two or more separate nuclei (Figs. 15, 16, X). 
Judging from these figures alone one might feel justified in 
concluding that the germ-cells divide amitotically as well as 
by mitosis. I have never found a division of the cytoplasm 
in any of the cases in which sections of the germ-cells contain 
two or three nuclei, and in every instance the following or 
preceding sections invariably show a connection between the 
various unclei in the cell. It is evidentfi therefore, that the 
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apparently multinucleated cells are not preparing to divide by 
amitosis. Their appearance is doubtless due to the fact that 
in sectioning the cells the polymorphic nuclei were cut in such 
a way as to completely separate two or more lobes. In my 
study of the germ-cells of Bufo I have never found a single 
instance where I could be sure that a cell was dividing amitoti- 
cally; and I am convinced that this mode of division does not 
normally occur in any of the germ-cells of the ovary or of the 
testis. 

By the time that a tadpole is sixteen to eighteen days old 
the anterior portion of each genital ridge has developed into 
a small rounded body, the so-called “Bidder’s organ.” The 
structure and development of this organ will form the subject 
of a separate paper and therefore no further mention of it 
will be made here, as it has seemingly nothing to do with the 
development of the ova. 

Although sex is doubtless determined at a very early stage 
of development, the germ-cells of Bufo remain in an apparently 
indifferent condition for a long period, and it is not until 
the tadpole is about to undergo metamorphosis that its sex 
can be ascertained with any degree of certainty. Several 
investigators of amphibian oogenesis have stated that the 
presence of a central cavity in the genital ridge is the first 
characteristic by which the young ovary can be identified. In 
Bufo it is possible to distinguish the sexes at a somewhat 
earlier period of development by means of the arrangement 
of the cells in the more anterior portion of the sex-gland. In 
the young male the germ-cells are scattered evenly through- 
out the testis, each being surrounded by a number of follicle 
cells; in the young female the germ-cells have a definite ar- 
rangement around the outside of the ovary, while the centre 
is filled with peritoneal cells (Fig. 15). There is no central 
cavity in any part of the genital ridge at this time. 

When the genital ridge has taken on the definite character 
of an ovary, some of the oogonia still contain a few small yolk 
spherules (Fig. 15), although all traces of yolk have long 
since disappeared from the other cells of the body. There is 
no ovarian wall at this time and the oogonia are surrounded 
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by follicle cells as in an earlier period. At a slightly later 
stage of development (Fig. 16), the central part of the ovary 
is no longer completely filled with peritoneal cells, but it con- 
tains a number of intercellular spaces which later unite to form 
one large cavity (Fig. 17). The central cavity in the ovary 
of Bufo is not, therefore, a portion of the general body-cavity 
which is brought into the ovary by a fold of peritoneal epithe- 
lium as Hoffman has claimed is the case in Triton and in 
various other amphibians, but it is the result of a fusion of 
the many intercellular spaces which are produced by the rapid 
increase in the size of the ovary. In Fig. 16 is shown the 
beginning of the formation of the outer ovarian wall. At 
the upper part of the ovary a number of peritoneal cells are 
found with their nuclei flattened against the outer surface of 
the germ-cells. The outlines of these cells become obliterated 
and their cytoplasm forms a continuous layer over the 
oogonia. At a slightly later stage (Fig. 17), many of the 
peritoneal cells in the interior of the ovary become arranged 
along the inner side of the oogonia to form the inner wall 
of the ovary. In the young female as well as in the adult, 
the ova develop between the two ovarian walls. 

The small cells with deeply gaining nuclei which are so 
conspicuous in the ovary at the stages of Figs. 15-17 have 
been called by various observers mesenchyme cells, peritoneal 
cells, and follicle cells; while Bouin considers them to be 
“petites cellules germinatives.” In Bufo these cells are found 
with the primordial germ-cells when the latter are first sepa- 
rated from the endoderm at the stage of Fig. 3, and from their 
general characteristics they are doubtless to be classed as 
mesodermal cells. Occasionally these cells are found dividing 
mitotically (Fig. 15, R) ; but division figures in them are 
rare as compared with those that are found in the germ-cells. 
The number of these cells increases enormously as the ovary 
enlarges; and, since there is no evidence that they divide 
amitotically, it is probable that there is a continuous migration 
of cells from the mesentery through the ovary pedicle into 
the ovary. Many of these cells later become the follicle cells 
which are found around the egg as long as it remains in the 
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ovary; the others, as far as I can determine, are actively 
concerned in the formation of the ovarian walls, the cyst 
membranes and the zona pellucida. 

According to the observations of Bouin there are fewer 
primordial germ-cells in a tadpole of Rana temporaria that 
is 33 mm. long than in one 20 mm. long. As the difference 
in numbers is considered too great to be attributed to indi- 
vidual variation, Bouin believes that a reduction in the num- 
ber of primordial germ-cells is brought about at this stage of 
development through an expulsion of a large number of these 
cells from the ovary into the body-cavity. He calls this pro- 
cess “ponte d’ovules primordiaux, ,, and he considers that it 
is analogous to that which occurs in the adult frog when the 
ripe eggs are expelled from the ovary. Bouin suggests that 
this process may take place so that “la glande, qui evolue dans 
le sens male, elimine les elements qui seraient inutiles a son 
developpement ulterieur.” None of the other investigators 
who have worked on the development of the sex-glands in 
amphibians have described such a reduction in the number 
of primordial germ-cells and there is nothing similar to it 
to be found in Bufo. The expulsion of primordial germ-cells 
from the ovary is, therefore, either a process that is peculiar 
to Rana temporaria, or it is one which takes place so quickly 
in other species that it has escaped the attention of the in- 
vestigators working in this field. 

As the tadpole approaches metamorphosis, the ovary in- 
creases in size very rapidly and it usually appears lobed when 
examined in toto under a low power of the microscope. This 
lobed appearance of the young ovary furnishes a means by 
which it can be distinguished from the testis without making 
use of sections. 

III. The Secondary Oogonia. 

Soon after metamorphosis the primary oogonia give rise to 
a new generation of cells, the secondary oogonia, which are 
aggregated into cysts or “cell nests” that are arranged much 
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as are the primary oogonia shown in Fig. 17. The cells of a 
cyst are all descendants of one primary oogonium, and the 
cyst wall is formed evidently by the follicle cells which had 
previously surrounded the parent cell. The secondary oogonia 
are somewhat smaller than the primary oogonia, but they 
closely resemble them otherwise. They have a polymorphic 
nucleus containing a faintly staining reticulum and several 
plasmosomes. In the cytoplasm is a vitelline body (Fig. 18, 
V) and also a minute centrosome surrounded by a granular 
attraction-sphere (Fig. 18, C). 

The cells of a cyst do not always divide simultaneously, and 
resting cells as well as cells in all stages of division may be 
found in the same cyst (Fig. 19). In the early prophase of 
mitosis a thick spireme is formed, as in the primary oogonia. 
This spireme breaks into segments (Fig. 19, S), presumably 
twenty-four, which condense into V-shaped chromosomes in 
the metaphase (Fig. 19, O). The spindle is the same shape 
as that found in the earlier generations of cells, and there are 
distinct centrosomes at the spindle poles which are devoid of 
any radiation (Fig. 19, O, R). 

IV. The Development of the Oocytes to the 
Synizesis Stage. 

Considerable controversy has arisen among investigators 
regarding the origin of the oocytes in the amphibian ovary 
since, at the period of the transformation of oogonia into 
oocytes, cell and nuclear boundaries are frequently obscured 
and the cyst contents appear as a syncytium. 

In his classic work on Bombinator igneus, Goette (35) 
states that in the young ovary the protoplasmic bodies of the 
central cells of a cyst fuse into a single mass w r hich contains 
at first several separate nuclei ; later the nuclei also fuse to 
form the mulberry shaped germinal vesicle of the egg. This 
view has been slightly modified by Bataillon (6), who con- 
cludes, from his observations on Rana and on Bufo, that after 
the fusion of the cytoplasmic bodies of the cells of a cyst one 


Digitized by CnOOQLe 


No. 2 .] THE OOGENESIS OF BUFO LENTIGINOSUS. 3*3 

of the nuclei wins the upper hand and subsequently absorbs 
all of the others. 

Gemmirs (34) observations seem to indicate that “in der 
Regel geht aus einem Zellnest nur ein Ei hervor, und zwar 
durch directe Entwickelung aus einem der Elemente des Zell- 
nestes. Von den iibrigen Elementen bilden sich einige wieder 
zuriick und betheiligen sich an der Bildung der Granulosa, 
der Rest aber geht zu Grunde.” According to Gemini!, 
there appears to be a struggle among the cells as to which 
shall form the ovum; space being the chief factor which de- 
cides the contest. The cell which lies in the centre of a cyst 
has seemingly the most room for development and this is the 
one which usually wins. The fate of the other cells depends 
upon how far they have differentiated before the one cell be- 
comes the ovum and so governs the rest. The cells which are 
least differentiated assume the role of granulosa cells. Those 
further developed cannot go backwards; they either have to 
become eggs or disintegrate. If the cyst happens to be larger 
than usual, as many as four of the cells may have room to 
develop into functional eggs. Since extra space is rarely ob- 
tained by the cyst, all of the cells which have passed a certain 
stage of development before the egg has formed are, as a 
rule, forced to disintegrate, and traces of the debris from these 
cells are to be found for some time in the protoplasm of the 
developing egg. Hoffmann’s opinion regarding the origin 
of the egg in the Anura is similar to that of Gemmil, since 
he believes that one cell of a nest outstrips the others in 
development and forms the ovum while the others degenerate 
and become granulosa cells. Semon’s observations lead to 
a similar conclusion. 

Nussbaum and also Knappe (54) find a mulberry shaped 
nucleus in the primordial germ-cells, and they assert that 
this nucleus divides by amitosis into several small nuclei. One 
of these nuclei increases rapidly in size and becomes sur- 
rounded by the greater part of the cytoplasm of the cell, thus 
forming the egg; the other nuclei become arranged around 
the periphery of the egg to form the follicle epithelium. Ac- 
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cording to Eismond (27) an ovum may arise either from one 
of the ceils of a nest which has outstripped the others in 
development, or from a fusion of all of the cells of a cyst. He 
also considers that “la formation des nids n’etait pas un anneau 
indispensable dans le cycle de l’oogenese, c’est-a-dire qu’en 
meme temps que la formation des nids du sens strict, se faisait 
aussi la differentiation progressive des oocytes directement 
aux depens des produits de la derniere division des oogonies, 
comme cellules independantes.” The conclusion that ova may 
arise directly from oogonia accords with the view advanced in 
1870 by Waldeyer (91) and supported later by the researches 
of Balfour (4) on elasmobranchs. 

Bouin has investigated the formation of the ova in much 
greater detail than have any of the other workers on amphibian 
oogenesis. He finds, as do other investigators, that secondary 
oogonia are enclosed in cysts, and he states that all of the 
oogonia in a cyst divide simultaneously. After several 
divisions, the number of which he does not determine, the 
character of the cells changes considerably and “oogonia of 
transition” are formed. The latter are clearly defined cells 
with rounded nuclei in which there are several chromatin 
nucleoli, but no traces of a chromatin reticulum. This stage 
is succeeded by one in which the nuclear membrane disap- 
pears and the karyoplasm is separated from the cytoplasm 
only by clear area. At a later stage of development granular 
threads appear in the nucleus which are formed, doubtless, of 
the minute chromatin granules scattered in the karyoplasm. 
These threads increase in number very rapidly and form a 
distinct chromatin reticulum, while a new nuclear membrane 
encloses the nuclear contents. All the cells of a cyst develop 
up to this stage, but later, owing to some unknown causes, 
only a pa*t of the cells continue their development as oocytes; 
the others degenerate and are either dissolved gradually or 
devoured by the phagocytes. Degenerating cells never form 
follicle cells but probably serve as nutriment for the victori- 
ous oocytes. The results of Bouin’s investigations agree es- 
sentially with those reached by Balfour in his study of 
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elasmobranchs. The latter investigator states that “some of 
the nuclei of each nest are converted into the nuclei of the 
permanent ova, others break down and are used as the pabulum 
at the expense of which the protoplasm of the young ovum 
grows.” 

Judging from the number of cells in a fully formed cyst, 
there are at most four or five generations of secondary oogonia 
in the ovary of Bufo. After the last oogonial division resting 
nuclei are formed, and the cyst is filled with small cells which 
appear much like that shown in Fig. 20. At this time cell 
and nuclear boundaries are very much more indistinct than 
in earlier stages, yet they can readily be made out in prep- 
arations fixed in Flemming’s solution and stained with iron 
haematoxylin. If the material is properly preserved the cells 
never form a syncytium; nor is there any fusion of the nuclei, 
or any absorption by one nucleus of its less fortunate neigh- 
bors. Each cell in a cyst develops into an oocyte, and, al- 
though I have examined a large number of cysts in this stage 
of development taken from many different individuals, I have 
yet to find a single instance in which there is a degeneration 
of any of the germ-cells in a cyst or any change of germ-cells 
into follicle cells. It seems very probable that the cells which 
several investigators have considered to be degenerating young 
oocytes, were, in reality, cells in which the nuclei were in 
the condition shown in Fig. 25. This contracted state of the 
nuclear contents, to which McClung (62) has applied the 
term synizesis, is a definite constructive stage in the develop- 
ment of the young oocyte of Bufo, and it is not due in any 
way to a degeneration of the nucleus or of the cell. 

Owing to the crowded condition of the cells in a cyst the 
young oocyte is more or less polygonal in outline. The nucleus 
is very large in proportion to the size of the cell, and it is 
invariably oval or slightly irregular, never possessing the 
polymorphic form characteristic of the nuclei in the earlier 
generations of cells. At this period the chromatin shows little 
capacity for staining and, as in the resting oogonia, it is in 
the form of minute granules which are either scattered along 
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the nuclear membrane or distributed on the linin fibres which 
form an irregular reticulum. The nucleus contains several 
deeply staining nucleoli of various sizes which are suspended 
in the meshwork of the reticulum or held against the nuclear 
membrane. In preparations stained with safranin and gen- 
tian violet the larger nucleoli invariably take the safranin 
while the rest of the nucleus is stained blue with the gentian 
violet, and these bodies must, therefore, be considered as 
plasmosomes; the very small nucleoli, which are found chiefly 
at the points of intersection of the linin threads, are karyo- 
somes since they take the chromatin stain. In the cytoplasm, 
which stains very faintly and appears somewhat reticular, 
there is a vitelline body (Fig. 20, V) ; but I have not been 
able to find any traces of a centrosome or of an attraction- 
sphere in this or in any later period in the development of the 
oocyte. As there are no centrosomes at the poles of the ma- 
turation spindle (King, 51), it seems probable that the egg 
centrosome disappears after the last oogonal division and that 
the attraction-spheres found at the poles of the segmentation 
spindle are formed in conjunction with the sperm-nucleus, 
probably under the influence of the centrosome imbedded in 
the substance of the sperm-head. 

As the oocyte enlarges its outline becomes more regular and 
much more distinct. The nucleus, which measures about 0.0 1 
mm. in diameter at this time, soon assumes the rounded form 
which it retains up to the maturation period (Fig. 21), and 
its reticulum appears continuous and much more sharply de- 
fined than at an earlier period (Fig. 22). The number of 
nucleoli is not appreciably increased during the early growth 
period of the oocyte. 

V. Synizesis and Post-Synizesis Stages. 

Although the stage in the development of the oocyte shown 
in Fig. 22 is practically at the beginning of the growth 
period it corresponds, apparently, to the stage at the end of the 
growth period of the spermatocyte (King, 52; Fig. 15). In 
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both cases the nucleus contains a granular reticulum which 
appears to be continuous; and in both oocyte and spermatocyte 
this stage is followed immediately by one in which there is 
a gradual condensation of the nuclear contents leading to 
synizesis (Fig. 25). The beginning of the process of con- 
densation in the oocyte is shown in Fig. 23, where the greater 
part of the chromatin reticulum is seen to be collected in the 
centre of the nucleus. In the following stage the contraction 
of the nuclear reticulum becomes more marked (Fig. 24), 
and eventually all of the nuclear contents forms a more or 
less rounded mass in the centre or at one side of the nucleus 
(Fig. 25). In favorable preparations the contraction figure 
is found to be composed of a tangled mass of exceedingly fine 
filaments in the meshes of which there are several round, 
apparently homogeneous bodies which are doubtless the plas- 
mosomes : a number of the filaments run out from the central 
body and connect this structure to the nuclear membrane. 
At this stage it is impossible to follow in detail the changes 
that are taking place in the nucleus or to determine what 
relation the fine filaments bear to the nuclear reticulum of the 
earlier stage. The condensation of the nuclear contents in 
synizesis is not carried quite as far in the ooyctes of Bufo as it 
is in the spermatocytes where the contraction figure frequently 
appears as a rounded, apparently homogeneous mass con- 
nected by a few fine filaments to the nuclear wall (King, 52; 
Figs. 20-22). 

In toads killed at the time of metamorphosis the ovaries con- 
tain large numbers of secondary oogonia and young oocytes, 
although only a few of the latter have reached the synizesis 
stage at this time. Contraction figures are frequently met with 
in the ovaries of young toads killed about four weeks after 
their metamorphosis, and they are found very abundantly 
afterwards until the toad has attained a body length of about 
1.5 cm. As I have already pointed out in the case of the 
spermatocytes of Bufo, I do not think it possible that the con- 
traction figures are due to a bad preservation of the material 
as Janssens (47) has asserted is the case in Batracoseps atten- 
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uatus, since oocytes with their nuclei in synizesis are found in 
all parts of the ovary and frequently lie adjacent to oocytes in 
which the chromatin is in the form of a clearly defined con- 
tinuous spireme (Fig. 22). Any method of fixation that 
would cause such a decided distortion of the nuclear contents 
in the one cell must of necessity have some effect on a neigh- 
boring cell which is in but a slightly different stage of develop- 
ment. In Bufo synizesis is not due to the degeneration of 
certain cells as Kingsbury (53) has claimed is the case in 
Desmagnathus fusca, since only in very rare instances are de- 
generating eggs to be found in the ovaries of young toads. 
Degenerating eggs, whether they are found in the ovaries of 
young toads or in those of adults, are usually deeply pigmented 
and they are invariably filled with phagocytes; they never 
resemble in any way the oocytes shown in Figs. 24-25. 

Synizesis, which is a well recognized stage in the develop- 
ment of the oocytes and spermatocytes of many forms, has, 
for the most part, been ignored by the investigators who have 
worked on the germ-cells of amphibians, or its presence has 
been considered as evidence of a degeneration of the cell. 
Gemmil describes a stage in Pelobates fuscus in which the 
nucleus of the young oocyte contains a star-shaped mass of 
chromatin which lies in the middle of a clear area and sends 
out processes to the nuclear membrane. It is evident, from 
the figures which Gemmil gives, that synizesis is the normal 
stage in the development of the ova of this amphibian. Nuss- 
baum figures condensation stages in the young germ-cells of 
Rana fusca when they are enclosed in a cyst membrane. He 
has, however, mistaken the order of sequence in the develop- 
ment of the cells, as he considers that the contraction stage 
preceded one in which the cell contains a mulberry-shaped 
nucleus. Bataillon, Leydig, and Hoffman also mention the 
appearance of contracting figures in the course of the normal 
development of amphibian ova, although they venture no opin- 
ion as to the significance of these bodies. 

Bouin has entirely overlooked in Rana temporaria the young 
oocytes shown in my Figs. 20-22, and the earliest stage that he 
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figures as an oocyte (Plate XII; Fig. 6), is about like that 
of my Fig. 39. He does not believe that synizesis is a nor- 
mal stage in the development of the oocytes of Rana, although 
he figures contraction stages of the nuclei in cells which he 
considers as oogonia that are not able to develop into oocytes. 
His description of the nucleus of one of these “degenerating” 
cells is as follows : “On constate que les microsomes constitutes 
du reticulum chromatique se gonfluent, se soudent les uns aux 
autres, forment des amas irreguliers qui se colorent comme 
les chromosomes des noyaux en mitose. Ces amas peuvent 
rester isoles dans l’aire nucleaire ou s’amalgamer en un bloc 
chromatique de faibles dimensions.” The one figure which 
Bouin gives of such nucleus (Plate XI; Fig. 13), shows the 
synizesis stage in Rana which corresponds closely to that in 
Bufo shown in Fig. 25; and many of his other figures show 
post-synizesis stages comparable to those in Bufo (Plate XI; 
Figs. 10, 11 : Plate XII; Figs. 2-3). 

In a recent paper Lams (57) has given a description of the 
stages in the early development of the oocytes of Rana tempo- 
raria which were overlooked by Bouin. According to this 
investigator the nuclear membrane does not disappear at any 
time during the transition of the oogonia into the oocytes. I11 
the young oocytes the chromatin filaments gradually condense 
at one pole of the nucleus until they form a rounded, deeply 
staining mass which appears much like that shown in my Fig. 
25. In post-synizesis stages this contracted mass resolves into 
a system of filaments which subsequently divide longitudinally 
and scatter throughout the nucleus. This work of Lams, with 
that of Bataillon and Leydig, furnishes conclusive evidence 
that synizesis is a normal stage in the development of the 
oocytes of Rana. 

It is unfortunate that the contracted condition of the nuclear 
contents during synizesis prevents a detailed study of the 
changes taking place in the chromatin at this time. It is 
evident that during synizesis the nuclear reticulum is no longer 
continuous, and that it becomes broken up into a large number 
of exceedingly fine filaments. Some of these filaments appear 
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to be composed of a series of minute granules; others of 
delicate linin threads. As the plasmosomes can still be found 
during synizesis it is probable that they play no part in the 
changes taking place in the chromatin. 

From the contraction figure shown in Fig. 25 there is 
evolved a long, apparently continuous, much convoluted 
spireme which is made up of a series of deeply staining chro- 
matin granules distributed on a linin thread (Fig. 26). In the 
meshes of this spireme there are several nucleoli of various 
sizes, and there are also from one to five irregularly shaped, 
apparently homogeneous nuclear masses which are distributed 
along the nuclear membrane. These masses all stain intensely 
black with iron haematoxylin as does also the spireme. If, 
however, preparations have been satisfactorily stained with 
safranin and gentian violet the spireme is deep blue, the very 
small nucleoli appear red, while the large nucleoli and the 
masses against the nuclear membrane are purple, thus indicat- 
ing that they are composite structures although they usually 
appear homogeneous at this time. 

From the stage shown in Fig. 21 to that of Fig. 26 the 
oocytes do not grow to any appreciable extent and the nuclei 
measure from 0.011-0.013 mm. in diameter. After synizesis 
there is a rapid increase in the amount of cytoplasm and in 
the size of the nucleus (Fig. 27). The chromatin spireme be- 
comes more evenly distributed throughout the nuclear space, 
and it is noticeably thicker than at the stage of Fig. 26. In 
the succeeding stage the spireme begins to split longitudinally 
(Fig. 28). As the sister portions of the spireme are only about 
one-half of the thickness of the spireme at the stage of Fig. 
27 it is evident that there is a true longitudinal division of the 
spireme at this time and not a folding together of chromatin 
filaments similar to that which occurs in the young oocytes of 
the rabbit according to the investigations of von Winiwarter 
(93). At the stage of Fig. 29 the greater part of the spireme 
has divided and many of the sister threads have separated a 
considerable distance. When the splitting of the spireme has 
been completed the sister threads lie parallel, for the most 
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part, although they are not connected in any way. The threads 
do not present the clear cut, granular appearance of the 
spireme shown in Fig. 26, as they have a jagged outline and 
send out fine projections on either side. 

There is absolutely no uniformity in the arrangement of the 
chromatin threads after the splitting of the spireme. At times 
the sister threads seem to lie close together throughout their 
whole extent (Fig. 30) ; again the sister portions of the spireme 
lie parallel for a short distance and then become widely scat- 
tered throughout the nucleus (Fig. 31); in rare cases, as 
shown in Fig. 32, the chromatin threads are as evenly dis- 
tributed throughout the nucleus as they are at the stage shown 
in Fig. 27, and there is nothing except the size of the nucleus 
and the character of the threads to indicate that there has 
been a splitting of the spireme. I am very sure that such a 
condition of the chromatin as that shown in Fig- 32 could 
not have been brought about by a gradual lengthening of the 
spireme, since the great majority of nuclei intermediate in 
size between that of Fig. 27 and that of Fig. 32 appear similar 
to those shown in Figs. 28-31. 

Soon after the stage of Fig. 30 the spireme breaks trans- 
versely, forming, in most cases, long double segments which 
vary considerably in length (Figs. 33, 34, 36, 37). The sister 
portions of the segments may lie parallel or they may be 
intertwined in various ways; they may be united at one or at 
both ends, forming a figure 8 or an oval ring; in other cases 
both ends of the segments are free and the threads cross in 
the form of an X or a Y. The condition of the chromatin 
threads shown in Figs. 30-34 is found in nuclei having a 
diameter of 0.015-0.02 mm. 

I have tried to reconstruct a nucleus in the stage of devel- 
opment shown in Figs. 33-34, by placing together a series of 
camera drawings of all of the sections of the nucleus, in the 
hope that I might be able to determine by this means the total 
number of chromatin segments. Owing to the fact that the 
segments are of different lengths and that they are united in a 
great variety of ways, it has been very difficult to arrive at any 
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exact conclusion regarding their number. I believe, however, 
that the nucleus at this stage contains only the somatic number 
of chromosomes (24) which are usually arranged in twelve 
pairs. The question at once arises as to the value of the sister 
segments which form a pair. Is the splitting of the spireme 
shown in Figs. 28-30 a longitudinal division of chromosomes 
united end to end in the spireme or is it a separation of uni- 
valent chromosomes which had conjugated side by side? This 
question is very difficult to answer since it is impossible to de- 
termine what changes the chromatin undergoes during syn- 
izesis. As the nucleus apparently contains but twenty-four 
chromatin segments which in later stages of development are 
scattered throughout the nucleus and only occasionally found 
in pairs, I- am inclined to the opinion that each of the sister 
segments represents an oogonial chromosome. The paired 
arrangement of the chromosomes at the stage of Figs. 33-34 
strongly suggests that in the oocytes of Bufo synapsis is co- 
incident with synizesis as it is apparently in the spermatocytes; 
yet for various reasons, which will be given later, I am inclined 
to consider that synapsis does not occur until the beginning of 
the maturation period. 

At the stage of Figs. 20-21 all of the young oocytes in a 
cyst are approximately of the same size and in practically the 
same stage of development. As the synizesis period approaches 
the oocyte which lies nearest the cavity of the ovary grows 
very rapidly and soon becomes several times the size of its 
neighbors. A section of a cyst with the oocytes in this con- 
dition is shown in Fig. 37. The large cell bordering the 
cavity of the ovary has a diameter of 0.043 mm., and its 
nucleus measures 0.023 mm. in diameter. This oocyte is sur- 
rounded by a number of follicle cells and its nucleus contains 
paired chromatin threads. The other cells in the cyst are very 
nearly of the same size; each measuring about 0.015 mm. in 
diameter and containing a nucleus measuring 0.0 1 mm. in 
diameter. These smaller oocytes are in early post-synizesis 
stages of development, and they are not degenerating, as sev- 
eral investigators who have found a similar condition of the 
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cells of a cyst have claimed. The development of these cells 
is slower than that of the one cell simply because the size of 
the cyst is limited and there is no space for a more rapid 
growth. 

Soon after the stage shown in Fig. 37 the cyst wall is rup- 
tured, owing doubtless to the pressure of the growing oocytes, 
and the larger cell becomes separated from the rest of the cyst 
and surrounded by a membrane which attaches it to the wall 
of the ovary. Inside of this membrane there are always found 
a number of elongated follicle cells which are undoubtedly 
concerned in the formation of the zona pellucida which later 
develops around the egg (Figs. 36, 39). As the other cells 
of the cyst enlarge each in turn becomes similarly attached to 
the ovarian wall. The cysts do not all develop at the same 
rate. In the ovaries of toads with a body length of 1.5 cm. 
one may find some cysts containing oogonia, others filled with 
young oocytes in various stages of development up to that 
shown in Fig. 37, while in many cases the cysts have become 
disorganized and the ova are separately attached to the ovarian 
wall. 

VI. The Nucleoli and the Later Growth Stages of 

the Oocytes. 

The irregular shaped masses of nuclear substance found 
against the nuclear membrane or in the meshes of the chro- 
matin reticulum at the stage of Fig. 26 seem to increase in 
size as the nucleus grows and one of them usually becomes 
much larger than any of the others. These bodies appear 
homogeneous and stain black with iron haematoxylin or 
purple when the preparation is stained with safranin and gen- 
tian violet. When the nucleus has attained a diameter of about 
0.025 mm. and the splitting of the spireme has been com- 
pleted, numerous fine granular fibres are seen to project from 
these masses which do not stain quite as intensely as before 
(Fig. 34). At the next stage (Fig. 35) one obtains the first 
clue to the structure of these bodies. With the use of iron 
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haematoxylin the masses now appear grayish, and they are 
found to be composed of a meshwork of exceedingly fine 
fibres inclosing several darker homogeneous bodies. In prep- 
arations stained with safranin and gentian violet a much bet- 
ter differentiation is obtained. The meshwork of fibres in- 
variably takes the blue of the gentian violet, while the rounded 
bodies in the interior, which are of various sizes, react differ- 
ently towards the stain ; the larger of these bodies, which are 
usually slightly irregular in outline, stain a reddish purple; 
the medium-sized ones, which are rounded and have a smooth 
outline, stain uniformly red, while the very small granules take 
the gentian violet. From the staining reactions of these 
masses, therefore, it is evident that they contain two different 
substances; fine fibres which are doubtless composed of chro- 
matin not used for the chromosomes, and rounded bodies which 
are nucleoli. 

For convenience in description I shall apply the term com- 
pound-nucleoli to the complex masses shown in Figs. 26-35 
and also to the irregular nucleolar bodies shown in Figs. 39, 
40, 43, 45, etc., reserving the term nucleoli for the smaller 
rounded bodies found in the interior of the larger masses at the 
stage of Figs. 35-36. The nucleoli which stain uniformly red 
with safranin will be called plasmosomes, while those that stain 
like chromatin will be considered karyosomes. In order to 
distinguish the chromatin of the chromosomes from that of 
the meshwork which forms part of the compound-nucleoli I 
shall refer to the former as “basichromatin” and to the latter 
as “oxychromatin.” I am aware that these terms are not being 
used strictly in the sense in which they were introduced by 
Heidenhain (37), since both kinds of chromatin show the 
same color reactions with all methods of staining employed. 
Their use has been considered advisable here, however, in 
order to avoid the introduction of new terms. 

At the stage in the resolution of a large compound-nucleolus 
shown in Fig. 36, the oxychromatin meshwork is much more 
clearly defined than at an earlier period and the threads are 
thicker and more granular. The number of nucleoli found in 
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the nucleus at this time greatly exceeds that found at any 
previous stage in the development of the oocyte, and it is evi- 
dent that a new formation of these bodies must take place dur- 
ing or soon after the synizesis stage. The compound-nucleoli 
in a nucleus do not resolve simultaneously. The larger masses 
are always the first to break up, and one or two of the smaller 
bodies may remain unchanged until the nucleus is twice the 
size of that shown in Fig. 36. Soon after the stage of Fig. 
36 the meshwork of fibres becomes very loose and frequently 
breaks into several parts, while the nucleolar bodies begin to 
leave the fibres and scatter about the nucleus (Fig. 38). At 
the stage of Fig. 39 the resolution of the largest compound- 
nucleolus has been completed and the nucleus contains a num- 
ber of nucleolar bodies of various sizes as well as several 
masses of tangled oxychromatin threads which are entirely 
separated from the nucleoli and easily distinguished from the 
chromosomes. 

In his Fig. 15, Bataillon shows a portion of the nuclear con- 
tents of an ovarian egg of Rana which is very similar to one 
of the larger resolving masses shown in my Fig. 38. Bataillon 
believes that his figure shows the beginning of a connection 
between the chromatin filaments and the nucleoli, and he states 
that later the filaments disappear entirely, all of their substance 
going into the uncleoli. These results do not accord with what 
I have found in Bufo, since in % the oocytes of this amphibian 
the nucleolar bodies are preparing to leave the chromatin 
meshwork at the stage of Fig. 38, and chromatin filaments are 
to be found in all of the later growth stages of the ova. 

At the stage of Figs. 33-34, the chromosomes stain some- 
what more faintly than at an earlier period, and they are com- 
posed of a series of minute granules from which numerous 
fine fibres extend out a short distance on either side. In later 
stages these side projections become much more numerous 
and somewhat longer, and the chromosomes then come to have 
the feathery appearance shown in Fig. 39. At a later period 
the chromosomes stain so very faintly that in many cases they 
are to be found only with the aid of an immersion Jens, yet 
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they retain the characteristic structure shown in Figs. 39, 40, 
43, etc., and are therefore always to be distinguished from the 
oxychromatin threads. The chromosomes are never united 
with the nucleoli, although sometimes, as shown in Figs. 36, 
37 and 39, a nucleolus is in contact with a chromatin thread; 
neither is there any connection between the basichromatin fila- 
ments and the oxychromatin threads. The latter stain much 
more intensely than the former and always appear to be com- 
posed of a series of rounded granules, they never have the 
feathery structure of the chromosomes. After the stage of 
Figs. 33-36, the chromosomes become widely distributed 
throughout the nucleus, and only a very few of them are 
found paired in later stages of development. 

In a preliminary paper on the oogenesis of Triton, Janssens 
(46) gives a brief account of the changes taking place in the 
young oocytes which seems to show that the behavior of the 
chromatin in the eggs of this, amphibian is somewhat different 
from that I have found in Bufo. Janssens finds that synizesis 
occurs during the early growth period of the oocyte, but he 
states that the reduced number of chromatin filaments appears 
shortly after this stage and that these filaments subsequently 
split longitudinally, the sister threads always remaining to- 
gether in later development. 

Carnoy and Lebrun (15-18; Lebrun, 58, 59) have written 
an elaborate series of memoirs dealing with the germinal vesicle 
and the polar bodies in various species of Batrachians. They 
have not studied the primordial germ-cells or the early growth 
stages of the oocytes, and in every case their investigations be- 
gin with the young ovum at a stage about like that of my Fig. 
27. Although the details of the developmental processes in 
the ova differ somewhat in the various species, Carnoy and 
Lebrun invariably find that, in the earliest stage which they 
have studied, the nucleus contains a chromatin filament which 
seems to be continuous. Later this filament disintegrates and 
gives rise to “primitive nucleoli ,, which move to the centre of 
the nucleus and there resolve into chromatin threads of vari- 
ous types. These chromatin threads soon break up into minute 
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granules from which new nucleoli develop to undergo the 
same series of changes as their predecessors. When the germ- 
inal vesicle disintegrates at the beginning of the maturation 
period certain of the nucleoli escape dissolution to form the 
twelve chromosomes which undergo a double longitudinal 
division in preparation for the maturation mitoses. At certain 
periods during the development of the ova, therefore, the 
nucleus contains no chromatin except that found in the nucle- 
oli, and there is no “individuality” of the chromosomes or any 
reduction in the Weismannian sense during the maturation 
divisions. For Carnoy and Lebrun (16) the most important 
structures in the nucleus are the nucleoli. “Les nucleoles sont 
le chef-d’oeuvre du noyau: ils represent le degre le plus eleve 
de l’organisation nucleinienne.” In another paper (15) the 
statement is made that “les nucleoles sont des noyaux en mini- 
ature. II renferme toujours un appareil nucleinien filamenteux 
plonge dans un plasma et loge dans une coque mince.” 

Carnoy and Lebrun give a large number of figures which 
are supposed to furnish evidence in support of their conclu- 
sions. They have, however, seemingly overlooked the impor- 
tant stages which give the clue to the nature of the “primitive 
nucleoli” and of their relation to the chromosomes (Figs. 28- 
39). In many of their figures they show feathery chromo- 
somes similar to those shown in my Figs. 39-41, etc. ; yet they 
consider that these chromosomes are products of the resolu- 
tion of the nucleoli, as are also the granular threads which 
correspond to my oxychromatin filaments. The feathery chro- 
mosomes are often figured in pairs, the sister threads lying par- 
allel or intertwined in various ways. Carnoy and Lebrun state 
that these paired filaments are not formed by a longitudinal 
or by a transverse division of a pre-existent nuclear element, 
but that they are either produced by a single filament folding 
back on itself and the parts separating, or they are two fila- 
ments which have been resolved from two nucleoli lying close 
together. Sections of nuclei are given by Carnoy and Lebrun 
which contain numerous nucleoli and no chromatin threads. 
Such figures are considered to prove conclusively that there 






Digitized by CnOOQLe 


398 


KING. 


[Vol. XIX. 


has been no continuation of the primitive filament. It is not 
difficult to find sections of the nuclei of the young Ova of Bufo, 
particularly at the stages of Figs. 40-44, in which no chromo- 
somes can be found. Such sections are possible because the 
chromosomes, which stain very faintly, are sometimes col- 
lected together at one side of the nucleus and sections passing 
through the centre of the nucleus show only granular karyo- 
plasm, nucleoli, and possibly some of the oxychromatin threads. 
After the yolk has formed, many fixing fluids do not seem to 
penetrate the egg sufficiently well to preserve the delicate struc- 
ture of the chromosomes. I have examined, under an oil im- 
mersion lens, every section of the nucleus of an egg preserved 
in Gilson’s or Flemming’s solution without finding the slight- 
est trace of chromosomes ; while in the nuclei of eggs from the 
same ovary that were fixed with chromic acetic or corrosive 
acetic the feathery chromosomes show very distinctly with 
a comparatively low magnification. I have never found a 
nucleus in which it was impossible to find the chromosomes, 
provided the egg had been properly preserved and stained. 

In his earlier work on Axolotl, Fick (28) states that the 
nucleoli are independent structures which probably represent 
“eine Art Reservestoffbehalter.” In a later paper on the ripen- 
ing of the egg of Rana (29) he confirms the work of Carnoy 
and Lebrun and states that during the growth period of the 
oocyte there are several generations of nucleoli which alternate 
with chromatin figures, consequently the continuity of the 
chromosomes is not maintained during this time. Fick con- 
siders that the nucleoli in the egg of Rana represent “eine 
Ruheform des Nucleins im Gegensatz zu den Chromatin- 
Figuren und Chromosomen, Formen in denen das Nuclein 
offenbar eine active Rolle spielt.” Carnoy, Lebrun, Fick, and 
also Bataillon agree, therefore, with the conclusion reached 
many years ago by Schultze (83) from his study of the ripen- 
ing of the egg of Rana, that the chromosomes “nicht aus 
einem praformirten Kerngeriist entsteht, sondern sich direkt 
aus den winzigen Keimkorperchen herausbildet.” 

The observations of other investigators of amphibian 
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oogenesis stand in direct contradiction to those cited above. 
Born (9, 10) states that in the egg of Triton the chromatin 
skein “sich aus dem Chromatingeriist des Ureies direkt her- 
leitet.” Although at one period of development the chromatin 
threads stain faintly and the chromatin substance can only 
rarely be distinguished from the granular karyoplasm, Born 
does not believe that the chromatin disappears or leaves the 
nucleus at this time, but that “sich dasselbe nur ausserst fein in 
der umgebenden Kerngrundsubstanz vertheilt habe.” Later the 
chromatin threads are formed again, and they appear in 
pairs, lying parallel or closely intertwined as in Bufo. Born 
does not find that the nucleoli ever give rise to chromosomes, 
and while he ventures no conjecture as to the function of these 
bodies he believes that they “stehen in Beziehung zum in- 
dividuellen Zellleben nicht zur Fortpflanzung.” 

According to the observations of Jordan (48) on the newt, 
the chromatin threads '‘are distinctly traceable through the 
whole history of the germinal vesicle,” although large chro- 
matin granules break loose from the threads at various times 
and pass over into true nucleoli. Janssens has also asserted 
that in the egg of Triton the chromosomes persist throughout 
the entire growth period: but in this egg the chromosomes are 
entirely independent of the nucleoli. 

Lubosch (61) has recently studied the history of the nucle- 
oli in the ovarian egg of Triton with the avowed purpose of 
testing the work of Carnoy and Lebrun. His material was 
preserved and stained in a great variety of ways, and he con- 
cludes that many of Carnoy and Lebrun’s results are due to 
the methods of technique which they employed. As Lubosch 
did not study the very young oocytes, he ventures no opin- 
ion as to the origin of the primitive nucleoli. He states that 
nucleoli are formed periodically at the nuclear periphery, and 
that they then wander towards the centre of the nucleus where 
they undergo one of three modes of dissolution: (1) through 
vacuolization and subsequent differentiation into karyoplasm: 
(2) through disintegration into granules; (3) through transi- 
tion into various sorts of chromatin filaments, some of which 
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are indistinguishable from the chromosomes at the time that 
the latter are surrounded by a ring of nucleoli shortly before 
the maturation period. While Lubosch finds that the primi- 
tive chromatin network becomes extraordinarily fine at certain 
stages of development, he states that it never completely dis- 
appears and that it is morphologically present in the ripening 
egg, although it is in a finely divided form. 

From the stage of Fig. 39 until that of Fig. 50, when the 
nucleus has reached its maximum size and the nucleoli have 
migrated to the centre preparatory to their final disintegra- 
tion, the nuclei in the ova of Bufo contain an almost endless 
variety of nucleolar figures. In the nucleus shown in Fig. 
39 the nucleolar bodies are of various sizes and they react 
very differently towards the gentian violet and safranin stain. 
The very small rounded nucleoli are karyosomes, since they 
stain like the chromatin ; the larger, rounded nucleoli may be 
considered as plasmosomes, since they stain red and are not 
connected in any way with the chromatin ; the irregular body 
marked X stains purple, and is a compound-nucleolus which 
has not yet begun its resolution; while the small, slightly ir- 
regular bodies are secondary compound-nucleoli which have 
been evolved from the resolution of a large mass similar to 
that shown in Fig. 35. At Y is shown a nucleolar body which 
is very similar to certain of the resolving nucleoli figured by 
Carnoy and Lebrun. This body is composed of a large, rounded 
central plasmosome (staining uniformly red) which seems 
to be giving off a number of small buds that also take the saf- 
ranin. The outer surface of this plasmosome appears some- 
what irregular and stains purple because a number of oxy- 
chromatin granules are attached to it. This structure has 
been produced, evidently, by the resolution of one of the com- 
pound-nucleoli which contained only a comparatively small 
amount of chromatin. The pinching off of small plasmo- 
somes from a larger mass is a very common phenomenon in 
the ova of Bufo, and it is evidently one of the ways in which 
the number of these bodies is increased. 

Several small nucleoli are shown in Fig. 39 which are com- 
posed of an outer ring of substance, evidently chromatin, since 
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it stains deep blue, surrounding a central portion which either 
stains very faintly or appears colorless; similar bodies are 
shown in Figs. 40, 41, 43, etc. At a later period the central 
portion of such nucleoli disappears, leaving only the chromatin 
ring. Subsequently the ring breaks at some point, thus becom- 
ing a crescent (Fig. 41), and it then disintegrates into small 
granules. Nucleoli of this character are probably derived from 
the oxychromatin of the larger compound-nucleoli, since they 
seem to be found most abundantly at the stages of Figs. 39-43. 
Similar nucleoli are figured by Carnoy and Lebrun and also by 
Lubosch. 

The oxychromatin threads produced by the resolution of the 
large compound nucleoli are massed together at the stage of 
Fig. 39; but they soon become scattered throughout the nucleus 
and are bent and twisted in a great variety of ways (Figs. 
40-43). Occasionally, as shown in Figs. 40 and 43, two of 
these filaments lie parallel or cross each other in the form of 
an X. Such an arrangement is purely accidental, since the 
filaments never have any definite arrangement in the nucleus. 
In some cases oxychromatin threads seem to be united with 
nucleoli (Fig. 43) ; but as the nucleoli stain differently from 
the filaments, it is readily seen that there is no true connection 
between them. 

Many of the figures given by Carnoy and Lebrun show 
granular chromatin filaments strikingly like those shown in 
my Figs. 40-43. These investigators consider that such fila- 
ments are derived from the substance of the nucleoli, and the 
contact of a nucleolus with a chromatin thread, as shown in 
my Fig. 43, is considered to be proof that the chromatin 
thread is being formed at the expense of the nucleolus. The 
feathery chromosomes are considered by Carnoy and Lebrun 
to be merely a special form of the filaments and in no way 
different from the others in origin or in fate. My observa- 
tions do not admit of such an interpretation, since in Bufo 
the feathery chromosomes can be traced back to the contin- 
uous filament formed after synizesis (Fig. 26), while the oxy- 
chromatin threads are undoubtedly derived from the chromatin 
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which did not go into the spireme and they are always pro- 
duced by the resolution of compound-nucleoli. Oxychromatin 
filaments similar to those shown in Figs. 40-43 are figured in 
Bouin’s work on the oogenesis of Rana. Bouin considers that 
these filaments are a part of the general chromatin of the egg, 
and he does not distinguish them from the true chromosomes. 

By means of a series of camera drawings of all of the sections 
of nuclei in about the stage of development shown in Fig. 43, 
I have endeavored to ascertain the number of oxychromatin 
filaments and of chromosomes at this time. While the chromo- 
somes appear to be twenty-four in every case, the number of 
oxychromatin threads seems to vary from 20-50 in different 
nuclei. This difference in the number of oxychromatin threads 
in various cases can doubtless be attributed to the fact that 
the compound-nucleoli from which the filaments are derived 
vary in number and in size in different nuclei and that these 
bodies do not all resolve at the same time. 

Carnoy and Lebrun distinguish three distinct stages in the 
development of amphibian oocytes, and they state that there 
are many generations of nucleoli which alternate with various 
kinds of chromatin figures; the nucleus frequently containing 
one kind of structure exclusive of the other. In Bufo I have 
never found an oocyte in a stage of development between that 
shown in Fig. 38 and that of Fig. 50 in which the nucleus 
did not contain nucleoli, chromosomes, and oxychromatin fila- 
ments provided the egg had been satisfactorily preserved and 
stained. As the ova grow the number of nucleoli increases; 
but the number of chromosomes remains constant, and the 
maximum number of oxychromatin filaments is found at the 
stage of Figs. 40-43. After this time the oxychromatin 
threads stain more faintly; the granules of which they are 
composed gradually draw apart (Fig. 48), and finally become 
scattered throughout the nucleus. Many of these minute 
chromatin granules can still be found in the nucleus at the 
beginning of the maturation period. 

Although in Bufo there is no periodic resolution of nucle- 
oli into chromatin threads followed by the development of a 
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new generation of nucleoli from chromatin granules, there is 
a constant formation of new nucleoli and a gradual dissolu- 
tion of the old ones during the growth stages of the ova. The 
disintegration of small nucleoli composed of a ring of chro- 
matin enclosing a plasmosome body (Figs. 39-43) has already 
been described. The beginning of a dissolution of some of the 
larger nucleoli is shown in Fig. 42. In this nucleus many of 
the nucleoli are stained black with iron hematoxylin ; others 
appear grayish, since they seem to have lost their capacity for 
staining intensely. The latter nucleoli are gradually dissolved 
in the karyoplasm ; they are never resolved into chromatin 
threads. Although the process of dissolution usually involves 
the whole nucleolus, sometimes only a portion of it disappears 
leaving one or several small, rounded bodies (Fig. 40, X). It 
is possible that the small groups of nucleoli shown in Figs. 40 
and 43 may have been formed in this manner. 

As a rule the majority of the nucleolar masses which lie 
in the meshes of the chromatin spireme or against the nuclear 
membrane at the stage of Figs. 26-34, resolve into plasmo- 
somes and oxychromatin filaments at about the time that the 
larger compound-nucleoli undergo their resolution (Figs. 35: 
39, Y). These masses differ from the larger ones in that they 
contain a relatively greater quantity of plasmosome material 
and a much smaller amount of chromatin. One or two of these 
nucleolar bodies, rarely more, escape dissolution at the stage 
of Figs. 35-38 and appear in later stages as slightly irregular, 
round or oval structures which stain as uniformly, though in 
many cases not as intensely, as in an earlier period (Fig. 39, 
X). These bodies increase rapidly in size after the stage of 
Fig. 39, and they usually undergo a somewhat different mode 
of resolution from that of the other compound-nucleoli. At 
an early period in the resolution of these bodies the oxy- 
chromatin, which has been attached to the outer surface of 
the plasmosome substance (Fig. 40), breads away and be- 
comes scattered throughout the nucleus, being indistinguish- 
able from the oxychromatin produced by the earlier resolu- 
tions of nucleolar masses. Sometimes all of the plasmosome 
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substance in these bodies forms one large rounded mass which 
contains either one large vacuole or a varying number of small 
ones (Fig. 40). Such a structure greatly resembles the large 
vacuolated nucleoli found by Carnoy and Lebrun and also by 
Leydig in the ova of various amphibians, and it is also very 
similar to the “principal nucleolus” described by Marechal 
(67) in the selachian egg. In many cases the plasmosome 
substance in these bodies is divided, the greater part of it 
forming a large, rounded central mass which usually stains 
rather faintly and appears either homogeneous (Fig. 41, R) 
or vacuolated (Fig. 41, S), the remaining portion being 
broken up into a varying number of small, round, deeply stain- 
ing bodies which are attached, for a time, to the outer surface 
of the larger mass and later separate from it to form small 
plasmosomes. 

The large plasmosome bodies shown in Figs. 40, 41 and 51, 
disintegrate in various ways and at different times. In some 
cases they persist as rounded, vacuolated bodies until the 
germinal vesicle disintegrates at the beginning of the matur- 
ation period when they are slowly absorbed by the cytoplasm; 
in other cases they break open during the later growth stages 
of the ova (Fig. 51, b), and subsequently divide into several 
rounded portions which are gradually dissolved in the karyo- 
plasm (Fig. 43). It is not uncommon to find these large 
plasmosome bodies budding off portions of their substance 
(Fig. 51, c, d) ; and it is probable that many of the nucleoli 
found at the stage of Figs. 48-50 have been formed in this 
way. 

The central vacuole of these large plasmosomes frequently 
contains a number of nucleolini which may be separated or 
so joined together that they simulate a granular chromatin 
thread (Fig. 51, C, D). These nucleolini always stain like 
the plasmosome, and they are evidently granules which have 
broken away from the inner surface of the ground substance 
in a manner similar to that by which the small plasmosomes 
are budded off from the outer surface. It seems probable that 
Carnoy and Lebrun have in mind linear aggregations of 
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nucleolini when they state that chromatin filaments are often 
found in the interior of large nucleoli. As the result of an 
investigation of the structure of the nucleoli in many kinds of 
cells Montgomery (70) states: “I am forced to conclude tfiSt 
in all probability there are no skeins of chromatin lying in 
any metazoan nucleolus, since I have never found any evidence 
of chromatin in it in any metazoan cell. ,, This statement may 
well be extended to include the nucleoli in the egg of Bufo, 
since in no case have I ever found chromatin filaments in the 
interior of rounded nucleoli, although they are often found 
wrapped around the exterior of a nucleolus (Figs. 38, 40, 43). 

In preparations stained with safranin and gentian violet 
nucleolar bodies are sometimes found which are similar to the 
compound-nucleoli described above in size and general outline, 
although they have a very different structure as they are com- 
posed of a number of rounded plasmosomes imbedded in a 
mass of chromatin granules (Fig. 51, a). These bodies are 
compound-uncleoli containing a large amount of chromatin, 
which for some unknown reason did not undergo a resolution 
at the stage of Figs. 35-38. 

Nuclei having a diameter of 0.04-0.08 mm. usually appear 
as in Figs. 39-43. They contain one or two large unresolved 
compound-nucleoli, a varying number of round plasmosomes 
and small karyosomes, together with numerous small com- 
pound-nucleoli which were set free from the large nucleolar 
masses at the stage of Figs. 35-38. These small compound- 
nucleoli, which I shall call secondary compound-nucleoli to 
distinguish them from the larger bodies, appear homogeneous 
and only slightly irregular at the stage of Figs. 39-43, and the 
greater number of them are masses at the side of the nucleus 
where the largest of the primary compound-nucleoli under- 
went a resolution at the stage of Figs. 35-36. In a slightly 
older egg metabolic processes occur which lead ultimately to 
the formation of yolk. These processes are accompanied by, 
if indeed they do not produce, a marked change in the ap- 
pearance and in the behavior of the nucleolar bodies. At 
this stage of development (Fig. 44) there is a mass of very 
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irregular nucleolar bodies at one side of the nucleus which 
greatly resemble the structures figured by Carnoy and Lebrun 
as nucleoli resolving into their chromatin constituents. As 
the preparation from which Fig. 44 was drawn was stained 
with iron haematoxylin the nucleolar bodies appear homo- 
geneous and stain very intensely. Their true character is 
shown only when preparations are stained with safranin and 
gentian violet. In such cases these fantastically shaped bodies 
are found to be composed of a number of rounded plasmo- 
somes imbedded in a meshwork of oxychromatin granules 
(Fig. 45). The plasmosomes always appear homogeneous and 
they invariably take the safranin stain; the chromatin stains 
blue and it is always in the form of fine granules which may or 
may not be strung together in a filament. There is nothing 
to indicate that the chromatin in these structures is derived 
from the plasmosomes or vice versa. These peculiar bodies, 
which are found very abundantly in the oocytes of toads with 
a body length of 4-5.5 cm., are unquestionably secondary 
compound-nucleoli which have increased considerably in size 
during the stages of Figs. 39-43 and are. now resolving into 
their constituent parts, oxychromatin granules and plasmo- 
somes. Soon after the stage shown in Fig. 44 these irregular 
masses break up, and for a short time the nucleus contains 
a number of plasmosomes surrounded by chromatin granules 
(Fig. 46). At a later period the oxychromatin granules sep- 
arate from the plasmosomes and scatter thoughout the karyo- 
plasm, and for the first time since before the synizesis stage 
the nucleus has all of its chromatin separated from the plas- 
mosome substance. 

As I was unable to obtain any young toads in the fall with 
a body length of over 5.5 cm., I have not been able to follow 
the later changes in the oocytes in the ovaries of young fe- 
males, and I have had to make use of the oocytes developing 
in the ovaries of adults to complete my study of the oogenesis 
of Bufo. If adult females are killed soon after the breeding 
season in April or in May the ovaries are found to be filled 
with young ova, many of which contain nucleolar bodies simi- 
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lar to those shown in Fig. 44. A section of the nucleus of an 
egg taken from the ovary of an adult toad killed the latter 
part of April is shown in Fig. 48. The nucleus has nearly 
attained its maximum size, and it is slightly oval, measuring 
0.19 mm. by 0.22 mm. All of the irregularly shaped nucle- 
olar bodies found at the stage of Figs. 44-46 have disappeared 
and the nucleus contains a large number of round or oval 
nucleoli of various sizes which are entirely distinct from the 
chromatin threads. The smallest of the nucleoli, which stain 
like chromatin, have evidently been formed by a fusion of a 
number of the chromatin granules set free by the disintegra- 
tion of the oxychromatin threads. Most of the larger nucle- 
oli stain very intensely at this time and only a few of them 
show, by their lessened capacity for staining, that they have 
begun to dissolve. Since the majority of the nucleoli are 
derived from the resolution of the secondary compound-nucle- 
oli the greater number of these bodies are massed together 
in one part of the nucleus. A few oxychromatin filaments in 
the process of dissolution are still to be found in the nucleus at 
this time. 

During early growth stages the nucleus occupies the centre 
of the ovum, but at or soon after the stage of Fig. 44 it begins 
to move towards the future animal pole of the egg. As at 
this time the nuclear membrane is usually somewhat irregular 
in outline, several investigators have maintained that the 
change in the position of the nucleus is brought about through 
amoeboid movement. This explanation does not seem to me 
entirely satisfactory since in some cases the nuclear outline is 
perfectly regular when the nucleus is moving towards the 
upper hemisphere, and when irregularities in the nuclear out- 
line are found they are invariably distributed uniformly around 
the membrane, no matter by what means the egg has been pre- 
served. 

At the time that the nucleus is changing its position the 
greater number of the nucleoli are massed together in one 
part of the nucleus (Figs. 44-48). I have examined many 
eggs in this stage of development and I have always found 
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that the greater number of the nucleoli lie in the part of the 
nucleus that is nearest the periphery of the egg. It hardly 
seems probable that this arrangement would be found so con- 
stantly if it had no significance. It seems to me a possibility, 
at least, that the accumulation of most of the nucleoli in one 
part of the nucleus may have something to do with the move- 
ment of the nucleus towards the periphery of the egg. This 
arrangement of the nucleoli strongly suggests also that the 
polarity of the egg is determined at or soon after synizesis, 
since the location of the largest of the compound-nucleoli, 
from which the greater number of secondary compound-nucle- 
oli are derived, indicates the part of the nucleus which will be 
nearest the animal pole in the later growth stages of the 
oocytes. 

After the nucleus has reached its final position at the per- 
iphery of the egg there is a rearrangement of the nuclear con- 
tents so that the nucleoli become distributed fairly evenly 
around the nuclear periphery, while the chromosomes and the 
remains of the oxychromatin filaments are found in the centre 
of the nucleus (Fig. 49). Whether this arrangement is due 
to the activity of the nucleoli themselves, I have not been able 
to determine. These bodies always appear round and they 
never show processes similar to those found by Leydig and 
also by Eimer (26) and considered by these investigators to 
be the means through which the nucleoli change their position 
in the nucleus. It is at this stage of development shown in 
Fig. 49 that the nuclear membrane is most irregular in outline, 
and it is very probable that this irregularity is due to the 
close proximity of the nucleoli. As a rule all of the oxy- 
chromatin filaments have disintegrated at this time; the chro- 
mosomes can always be found in favorable preparations, al- 
though they stain very faintly. 

Several investigators, among whom may be mentioned Will 
(92), Fick, and Leydig, maintain that at or before the stage 
of Fig. 49 nucleoli pass out of the nucleus into the cytoplasm 
where they either dissolve or take part in the formation of the 
yolk. Although I have examined a large number of eggs in 
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there were many hundreds of nucleoli lying close to the 
membrane I have never found a single case in which a 


At-* 


Qlus was passing through the membrane into the cyto- 
• At certain stages in the development of the ova there 
number of rounded bodies in the cytoplasm which greatly 
ible nucleoli, and it is doubtless this similarity in ap- 
nce that has led to the assumption that the cytoplasmic 
are of nucleolar origin. 

^^<z»on after the stage of Fig. 49 the nucleoli leave their 
P^^ r i i^lieral position and move towards the centre of the nucleus. 

x arrangement at first is somewhat irregular (Fig. 50) ; 
later, as shown in a previous paper (King, 49; Fig. 3), 
form a closed ring which surrounds the chromosomes, 
i arrangement of the nucleoli in the ovarian egg previous 
-aturation seems to be characteristic of all amphibian eggs, 
i t lias been noted by all of the observers who have studied 
s X>^riod in the development of the ova. All of the nucleoli 
"begun to disintegrate by the time that the germinal 
breaks down at the beginning of the maturation period, 
first lose their capacity for staining and many of them 
vacuolated. Later they break into small fragments 
are absorbed by the cytoplasm. 

^ though this study of the ovarian egg of Bufo has shown 
investigators of amphibian oogenesis have classed to- 
t, under the general name of nucleoli, several different 
~ ^ of structures, it has not, unfortunately, disclosed the 
~^er in which these bodies are formed or their function 
^ nucleus. 

the resting stage of the primary oogonium to the 
^sis period in the oocyte the nucleus of the germ-cells 
*xns several rounded nucleoli which stain differently from 
:romatin and there is not the slightest evidence that there 
^ genetic relation between them. During synizesis the 
Mi can still be distinguished from the chromatin (Fig. 
T)ut in early post-synizesis stages (Figs. 26-34) these 
^ are contained in the amorphous masses of nuclear sub- 
- (compound-nucleoli) left over after the formation of 
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the spireme, and they cannot be followed since the large masses 
stain very intensely and uniformly at this time. When the 
large compound-nucleoli resolve (Figs. 35-38) they liberate, 
with the secondary compound-nucleoli, many more of the 
rounded nucleoli, which I have called plasmosomes, than were 
found in the nucleus previous to synizesis. It is evident, there- 
fore, that plasmosomes are being formed in the nucleus during 
early post-synizesis stages (Figs. 26-34). Since these nucleoli 
are formed only in the midst of oxychromatin granules it 
seems probable that the oxychromatin is concerned in some 
way with their formation; but the number and size of these 
bodies and the fact that they invariably stain differently from 
the chromatin seems to preclude the possibility that they are 
derived from chromatin substance as Flemming (30), van 
Bambeke (5), Macallum (65), Hertwig (43), Obst (7), 
Schockaert (79), Carnoy and Lebrun, Fick (29), and many 
others have maintained. The part played by, the oxychromatin 
in the formation of the plasmosomes is obscured. There is 
no apparent decrease in the amount of this substance associ- 
ated with an increase in the number and size of the plasmo- 
somes during the early development of the oocyte, and at the 
time that the oxychromatin filaments disintegrate the nucleus 
apparently contains its maximum number of plasmosomes 
(Fig. 48). 

The plasmosomes seem to be of a plastic, semi-fluid consist- 
ency; they appear homogeneous until they begin to disinte- 
grate, and in some instances they seem to be capable of in- 
creasing in size and of budding off portions of their substance. 
Judging from the appearance and behavior of these bodies and 
from the fact that their formation is associated with the rapid 
growth of the cell and with the formation of vitelline bodies 
in the cytoplasm, it seems probable that they are products of 
nuclear metabolism which are possibly depositors of nutritive 
substance that are to be used at a later period in the history 
of the cell. This is substantially the view advocated by Kor- 
schelt (56) and by Rhumbler (75). Montgomery (70-71) 
is one of the few investigators who believes that the nucleoli 
are of extranuclear origin. He states that in the egg of 
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nemerteans the nucleoli are first found closely applied to the 
inner surface of the nuclear membrane. “It would seem that 
the yolk is at first present in the cytoplasm in the form of a 
diffused, unstainable fluid; that a portion of it, that remain- 
ing in the cell body, later becomes segregated as, or chemically 
changed into yolk globules; and that another portion of it 
is taken into the nucleus and, after passing the nuclear mem- 
brane, is changed into nucleolar substance.” Such an origin 
for the plasmosomes in the ova of Bufo seems unlikely since 
these bodies are not found close to the nuclear membrane until 
a late period in the development of the ova. 

The large nucleolar masses found in the oocyte at the stage 
of Figs. 26-34 correspond evidently to the “primary nucleoli” 
of Carnoy and Lebrun. I have shown that these bodies are 
complex structures composed of plasmosome material and of 
the chromatin which did not go into the formation of the 
chromosomes and that they later resolve into their constitu- 
ent parts; they are never formed entirely of chromatin, as 
Carnoy and Lebrun maintain. The fantastically shaped nucle- 
olar bodies found at the stage of Fig. 44 are similar in struc- 
ture to the large compound-nucleoli shown in Figs. 26-34, and 
they too resolve into chromatin threads and plasmosomes. In 
the egg of Bufo there is never any connection between the 
nucleoli and the chromosomes. Only oxychromatin goes into 
the formation of the compound-nucleoli, and the oxychromatin 
filaments which are formed by the resolution of these bodies do 
not at once disintegrate to form a new generation of nucleoli 
but they gradually break up into minute granules which seem 
to be absorbed by the achromatic substance of the nucleus. It 
is impossible to determine whether these granules take any 
part in the formation of the chromosomes which are found on 
the maturation spindle. 

VII. The Chromosomes. 

At no period in the development of the oocyte does the basi- 
chromatin disappear nor does it become condensed in the form 
of nucleoli, and the chromosomes can be traced continuously 
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from the time that they are first formed by the breaking of the 
spireme (Fig. 33) up to the stage when the germinal vesicle 
disintegrates in preparation for the maturation mitosis. At 
the* time that the spireme divides longitudinally (Figs. 28-29) 
the chromatin filaments are found to be composed of a series 
of rounded granules from which a few fine fibres project on 
either side. When the spireme breaks into chromosomes the 
number of fine projections increases, evidently at the expense 
of the chromatin granules (Figs. 33, 34, 36). By the time 
that the oocyte has reached the stage of Fig. 39, the appear- 
ance of the chromosomes has changed considerably. The 
axial portion of the thread is now composed of minute, faintly 
staining granules, evidently formed by the breaking up of 
the larger ones, and the fine projections from the sides are 
longer and more numerous than at an earlier period. The 
chromosomes, of which there are undoubtedly twenty-four, 
thus come to have the feathery appearance that characterizes 
them from this time until the beginning of the maturation 
period, and they greatly resemble the filamentous chromo- 
somes found by Riickert (76, 77) in the selachian egg and by 
Bom in the egg of Triton. After the stage of Fig. 39 the 
chromosomes stain very faintly, since the greater part of their 
substance seems to be in the form of fine fibres as it was 
during the synizesis period; they can always be found, how- 
ever, if the egg has been properly preserved and stained. When 
the germinal vesicle is about to disintegrate the chromosomes 
lose their filamentous structure and become greatly condensed, 
appearing as a single series of perfectly round granules (King, 
49; Fig. 8). 

The arrangement of the chromosomes in the young oocyte 
depends, evidently, on the extent to which sister portions of 
the spireme have separated before the spireme breaks into seg- 
ments. The transverse division of a spireme like that shown 
in Figs. 31 and 32 produces chromosomes that are scattered 
irregularly throughout the nucleus and only occasionally 
paired; while the division of a spireme similar to that shown 
in Fig. 30, gives a paired arrangement of all of the chromo- 
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somes (Fig. 33, 34). In the later growth stages of the oocytes 
the chromosomes become widely distributed throughout the 
nucleus and they seem to have no definite arrangement, al- 
though it is not unusual to find two chromosomes paired as in 
Fig. 43, or two chromosomes crossed as in Fig. 40. 

In a previous paper (King, 49) I have shown that, at the 
time the germinal vesicle is about to break down in prepara- 
tion for the maturation mitoses, the twenty-four chromosomes 
come together forming twelve pairs. The chromosomes of 
a pair are of the same length, but there is considerable dif- 
ference in the lengths of the. chromosomes of the various pairs. 
At this time “two of the chromosomes may be united in the 
form of an X or Y, a single or double figure eight, or they 
may lie parallel for a part of their length and the ends inter- 
twine in various ways.” At a slightly later period the ends of 
each pair of chromosomes unite forming a closed ring. Im- 
mediately following this stage the chromosomes apparently 
break up into granules and, owing to* the changes occurring in 
the nuclear substance preparatory to the formation of the 
first polar spindle, it is impossible to trace the chromatin for 
a short period. When the polar spindle forms a large number 
of rounded chromatin granules are found near it which soon 
fuse into several irregular clumps from which the reduced 
number of chromosomes (12) is formed. 

It is unfortunate that the chromatin cannot be traced during 
the period of the formation of the first polar spindle since it 
thereby becomes impossible to identify the chromosomes of the 
first polar spindle with the chromosomes that are found in 
the oocyte previous to the disintegration of the germinal 
vesicle. If, however, the chromosomes can maintain their indi- 
viduality in the resting nuclei of the oogonia and of the young 
oocytes when the chromatin is in the form of minute granules 
which are scattered irregularly along a linin meshwork or 
distributed on the nuclear membrane, I see no reason why they 
should be considered to lose that individuality when they 
break up into granules at the beginning of the maturation 
period. After all it may be through the linin that the morpho- 
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logical continuity of the chromosomes is maintained; and it 
is very probable that there is a linin connection between the 
chromatin granules during the early maturation stages which 
I overlooked in my previous work. When opportunity offers 
I shall collect new material showing the formation of the first 
polar spindle in the egg of Bufo, in the hope that with some 
new method of fixation or of staining I can follow the history 
of the chromatin granules and thus trace the chromatin con- 
tinuously from the early growth stages of the oocytes through 
to the maturation spindle. 

As far as I am aware, no investigator of amphibian 
oogenesis has as yet traced the chromosomes from the ovarian 
egg directly into the maturation spindle. Schultze, Carnoy 
and Lebrun, and Fick believe that the chromosomes of the 
polar spindles are derived from chromatin nucleoli which 
escape dissolution at the time that the genninal vesicle disin- 
tegrates. Other investigators have tacitly assumed that the 
chromosomes of the ovarian egg pass over into the maturation 
spindle and they have not given any figures of the critical 
stages. 

Since there are two periods in the development of the egg 
of Bufo when it is impossible to follow the changes which 
the chromatin undergoes, it is a difficult matter to decide 
when and how synapsis occurs. The first period when the 
history of the chromatin is obscured is during the synizesis 
stage in the young oocyte when the nuclear contents become 
massed together as shown in Fig. 25 and the chromatin ap- 
pears in the form of exceedingly fine granular threads. This 
stage is succeeded by one in which the chromatin, which is to 
form the chromosomes, is in the form of an apparently con- 
tinous spireme. Later this spireme splits longitudinally and 
then divides transversely forming the somatic number of sep- 
arate segments. Assuming that the chromosomes maintain 
their individuality during synizesis, it is obviously impossible 
to determine how they were joined together in the spireme 
which is formed after the synizesis stage. If the chromosomes 
were joined end to end, then the splitting of the spireme shown 
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in Figs. 28-30 is a longitudinal division of univalent chromo- 
somes. On this assumption synapsis is coincident with 
synizesis and, at the stage of Figs. 33-34, the nucleus contains 
twelve bivalent chromosomes which are divided longitudi- 
nally. This is the interpretation which Janssens has given to 
the early post'-synizesis stages which he finds in the egg of 
Triton. The fact that in later growth stages the great major- 
ity of the chromosomes are not arranged in pairs makes this 
interpretation improbable for the egg of Bufo, since in the 
eggs of other forms when bivalent chromosomes divide longi- 
tudinally the parts remain together or are connected in some 
way. 

If we assume that two chromosomes united side by side 
in the spireme, then the subsequent longitudinal splitting of 
the spireme is merly a separation of the chromosomes that 
were previously paired, and the transverse division of the 
spireme is the means by which the chromosomes are com- 
pletely separated from each other. Synapsis, on this as- 
sumption, does not necessarily occur during synizesis, since 
the somatic number of chromosomes is evolved from the 
spireme. I am inclined to believe that synizesis in the egg of 
Bufo is a process by which the chromatin which bears the 
hereditary qualities and is to be used for the chromosomes of 
the maturation spindle is separated from the chromatin which 
has other uses in the cell. This would seem to bear out 
Gardiner’s (33) contention that “there are two kinds of 
chromatin stuff, the one insoluble and bearing the heredity 
which is to be transmitted to the daughter-cells, the other 
food for the cytoplasm.” If this interpretation of synizesis 
is correct, the chromosomes must have been united in pairs in 
the spireme that was evolved from the synizesis stage, but 
. synapsis does not take place until the beginning of the matu- 
ration period. This interpretation seems the more probable 
since Jordan failed to find a pairing of the chromosomes in 
the ovarian egg of the newt at any stage of development. 

The second period when it is impossible to trace the history 
of the chromatin occurs just previous to the formation of the 
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first polar spindle when the twelve chromatin rings break into 
granules which cannot be distinguished from the granular 
achromatic substance of the nucleus. The twelve bivalent chro- 
mosomes that are finally formed from the mass of chromatin 
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A. — Diagrams showing the changes in the shape of the chromosomes of 

. the first polar spindle in the egg of Bufo and the direction of the 
maturation mitoses. In both mitoses the chromosomes are 
divided longitudinally. 

B. — Diagrams showing the character of the maturation mitoses if the 

chromosomes were united end to end in synapsis. The first 
division separates univalent chromosomes; the second is a longi- 
tudinal division. 


C. — Diagrams showing the character of the maturation mitoses if the 
chromosomes conjugated side by side during synapsis. Both 
mitoses divide the bivalent chromatin segments longitudinally. 


granules that surround the polar spindle vary somewhat in 
size and in shape. When they have become arranged on the 
spindle they undergo considerable modification in form, and 
the longitudinal axis of the chromosome at the time that the 
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first maturation mitosis occurs is the transverse axis of the 
chromosome at an earlier period (King, 51). In both matu- 
ration mitoses the bivalent chromosomes are divided longitu- 
dinally (Text-Figure I, A). 

If synapsis occurs when the germinal vesicle disintegrates 
then the chromosomes must have united end to end, as shown 
in Text-Figure I, B, otherwise both of the maturation mitoses 
are equation divisions of bivalent chromatin segments and in 
neither division are univalent chromosomes separated (Text- 
Figure I, C). The investigations of Stevens (87, 88) have 
shown that in Sagitta synapsis takes place in the egg by a 
side by side conjugation of the chromosomes and in the sperm- 
atocytes by an end to end union. This is probably the plan 
that is followed in the germ-cells of Bufo if synapsis occurs 
in the egg during the synizesis period. I am inclined to the 
opinion that in the egg of Bufo, as in the spermatocyte, synap- 
sis occurs shortly before the maturation mitoses and that the 
chromosomes are united end to end. On this assumption the 
first maturation division in the egg is a reduction division in 
the Weismannian sense since it separates univalent chromo- 
somes, and the second division only is an equation division 
(Text-Figure I, B). 

A. and K. E. Schreiner (80-82), who have recently exam- 
ined the chromatin relations in the germ-cells of many differ- 
ent forms, conclude from their studies that in the germ-cells 
of all animals the chromosomes conjugate in pairs during 
synapsis, never end to end. This generalization finds an ex- 
ception in the germ-cells of Bufo. In the spermatocytes of 
this amphibian synapsis occurs during the synizesis stage which 
immediately precedes the prophase of the first maturation mi- 
tosis, and in the prophase and metaphase of division the chrom- 
osomes behave in such a way that there seems no possibility of 
avoiding the conclusion that they were united end to end in 
synapsis. In the egg, as I have shown, it is not possible to 
determine when or how synapsis occurs; yet the evidence at 
my command seems to indicate that in synapsis the chromo- 
somes are united end to end as they are in the spermatocytes. 
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VIII. The Formation of Yolk. 

One of the most difficult problems met with in the study of 
amphibian oogenesis is that concerning the origin of the yolk. 
This problem includes not only a consideration of the origin 
and nature of the so-called * ‘yolk-nuclei/ 1 but it also involves 
practically the whole theory of cell action since it cannot be 
supposed that the yolk formation takes place independently of 
nuclear activity. The anabolic processes taking place in the 
cell as a result of the interaction of the nucleus and the cyto- 
plasm are as yet very imperfectly understood, and until we 
have obtained a clearer insight into the nuclear-cytoplasmic 
relations it will not be possible to solve the problem of yolk 
formation in an entirely satisfactory manner. 

There is as great a diversity of opinion regarding the nature 
of the yolk-nucleus and the origin of the yolk in the amphibian 
egg as there is concerning the origin of the egg itself. The 
first observation regarding the presence of a yolk-nucleus in 
the amphibian egg were made by Cramer (23) in 1848. Ac- 
cording to this investigator the cell body of the frog’s egg 
contains a small granular ball which later spreads out in the 
form of a half-moon around the nucleus and gives off gran- 
ules which develop into yolk spherules. In 1850 Carus (19) 
investigated the young egg of Rana temporaria and failed to 
find the granular ball described by Cramer. He states that the 
yolk first appears at the periphery of the egg in the form of 
single granules as it does in the egg of Alytes obstetricans 
according to the earlier observations of Vogt (90). 

A few years later Thompson (89) wrote in regard to the 
presence of a yolk-nucleus in the frog’s egg: “I have in gen- 
eral fotmd it present, and think it more probable that it may 
be destined to form the external and larger corpuscles of the 
yolk, while the clearer part immediately surrounding the germ- 
inal vesicle may contribute to the production both of these and 
of the finer substance in which the germinal vesicle is found 
imbedded.” 

As Goette failed to find a yolk-nucleus either in the egg 
of Bombinator or of Bufo, Hertwig (40) is inclined to attach 
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but little morphological value to the rounded granular ball 
which he finds in the cytoplasm of the egg of Rana. “Mir 
scheint er einzig and allein mit der Bildung der Dottersubstanz 
in Beziehung zu stehen und eine eigenthiimliche locale An- 
sammlung von Nahrstoffen darzustellen. ,, He suggests that 
the name “Dotterconcrement” would be more appropriate for 
this structure than “Dotterkern.” Kolessnikow (55) men- 
tions the presence of granular yolk-nuclei in the eggs of Rana 
temporaria, Rana esculenta, and Bufo variabilis, but he gives 
no opinion as to their origin or use. 

Henneguy (38) finds a large granular mass, presumably a 
yolk-nucleus, in the egg of Rana, although he fails to find a 
similar body in the egg of Bufo vulgaris, Triton taeniatus, and 
Triton cristatus. Henneguy believes that wherever this body 
is found it is derived from the nucleolar substance of the 
nucleus and he ventures the interesting conjecture that “c’est 
un organe ancestral qui, avec les elements nucleolaires de la 
vesicule germinative, correspond au macronucleus des In- 
fusoires, le micronucleus etant represente par le roseau chro- 
matique, prenant seul part aux phenomenes de fecondation.” 

Jordan finds a number of granular yolk-nuclei in the egg 
of the newt which he believes “arise from the cytoplasm and 
usually disintegrate in the cytoplasm.’' He is not sure whether 
these structures are of importance in the formation of yolk 
or not. Jordan’s observations regarding the fate of these yolk- 
nuclei will be mentioned later. 

The observations of several investigators seem to show that 
nuclear substance is used in the formation of yolk. In 1884, 
Will brought forward the view that in the ova of amphibians 
and of insects nucleoli leave the nucleus and migrate to the 
periphery of the egg where, as yolk-nuclei, they lose their 
sharp contour and break up into granules which become yolk 
spherules. Substantially the same view was advanced by 
Leydig in 1888 to account for the origin of the yolk in the 
egg of Triton. Leydig considers that the nucleoli arise in 
the nucleus “als Knotenpunkte in dem feinen Netz des Re- 
ticulums,” and that they move to the periphery of the nucleus 
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where they “ini losgelosten Zustande die Form und Natur 
kleiner Amoben zeigen.” Subsequently they pass through the 
nuclear membrane into the cytoplasm and move to the per- 
iphery of the egg where they form groups of granules which 
develop into yolk. 

Bataillon (6) also derives the yolk in the amphibian egg 
from the substance of the nucleus, but he believes that it is 
formed from the chromatin. “Des massules chromatiques 
issues de la vesicule germinative viennent donner dans le 
plasma ovulaire et a la peripherie d’abord, de veritables ele- 
ments cellulaires transitoires dont ils fournissent le noyau, et 
prendre part a la formation simultanie des tablettes vitellines 
et du pigment. ,, 

As a result of a study of the ovarian egg of Rana and of 
Necturus, Macallum (64) concludes that the peripheral 
chromatin nucleoli generate a substance which diffuses grad- 
ually through the nucleus into the cytoplasm. “I regard the 
yolk spherules as formed by the union of a derivative of the 
nuclear chromatin with a constituent of the cell protoplasm.” 
Support for this view is furnished by the more recent cyto- 
logical studies of Carnoy and Lebrun (15). These investi- 
gators state that the greater number of chromatin granules 
that are produced by the resolution of nucleoli are not used 
in the formation of a new generation of nucleoli, but that they 
are dissolved in the achromatin substance of the nucleus and 
transformed into nucleinic acid. This acid passes by osmosis 
through the nuclear membrane and is diffused through the 
cytoplasm. “Dans les plages formatrices, il rencontre les 
globulines de reserve imbibees d’eau, et se combine avec elles 
pour former la paranucleine d’abord, la vitelline en suite. . . . 
Nous considerons les plaques vitellines comme etant des pro- 
duits de l’activite du noyau et du cytoplasme : celui-ci fournirait 
les globulines, le noyau, l’acide paranucleinique. Les vitel- 
lines sont, en effet, des paranucleo-albumines, c’est-a-dire des 
combinaisons de paranucleine avec un albumine qui est ici 
une globuline.” 

Jordan has observed in the newt appearances which might 
be interpreted as a migration of very minute granules from 
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the germinal vesicle into the cell body, and he also is inclined 
to the opinion that nucleus takes part in the formation of 
yolk. “One might suppose that granules from the germinal 
vesicle serve as starting points, centers of attraction or stim- 
ulation as it were, while the cytoplasm perhaps through the 
mediation of the yolk-nuclei, elaborates and supplies he 
requisite deutoplasmic material out of nutritive elements fur- 
nished it by the follicle cells.” 

Since it is seemingly impossible to harmonize these various 
observations regarding the yolk-nuclei and the yolk in the 
egg of amphibians, it can only be supposed, if these observa- 
tions are correct, that the processes by which yolk is formed 
differ in various species. The details of these processes must, 
therefore, be worked out for each species separately, since 
there is no apparent similarity between them even in closely 
related forms. 

In the egg of Bufo it is possible to trace the anlage of 
the yolk-nuclei back to the primordial germ-cells. As I have 
already stated, there is present in the cytoplasm of these 
cells a small, round, apparently homogeneous body which is 
sometimes, though not invariably, separated from the cyto- 
plasm by a clear area (Fig. 8, V). This body colors very 
intensely with iron haematoxylin, and it always takes the saf- 
ranin when sections are stained with safranin and gentian vio- 
let or with safranin and Lichtgriin. In preparations stained 
with Delafield’s haematoxylin and orange G. this body is 
hardly discernible, since it takes the orange stain as does also 
the cytoplasm. Judging from its staining reactions this body 
is not chromatin; neither is it a centrosome, since the same 
section of the cell may show both of these structures (Fig. 
7). I have not been able to determine th® origin of this body 
owing to the fact that in very young tadpoles the large yolk 
plaques in the primodial germ-cells obscure the other cyto- 
plasmic structures, while in older tadpoles, when the yolk is 
beginning to be absorbed, the small yolk granules show the 
same staining reactions as this body and therefore cannot be 
distinguished from it. Not until the tadpole is at least thir- 



Digitized by CnOOQLe 


422 


KING. 


[You XIX. 


teen days old can this structure be distinguished with any 
degree of certainty. I shall apply the term “vitelline body” 
to this structure and also to other bodies of similar character 
which appear later in the cytoplasm, reserving the term, “yolk- 
nucleus” for the granular masses found in the cytoplasm at a 
much later period of development. 

The vitelline body divides previous to each cell mitosis (Fig. 
7, V). In sections of the ovaries of young toads this struc- 
tdre is found in the primary odgonia (Figs. 16-17), in the sec- 
ondary oogonia (Figs. 18-19), the young oocytes at the 
critical period when the cell contents stain very faintly and 
cell boundaries and nuclear outlines are made out with diffi- 
culty (Fig. 20), and also during synizesis and early post- 
synizesis stages (Figs. 23-31). 

In the early stages of development a cell rarely contains 
more than one vitelline body unless it is preparing to divide. 
During synizesis the vitelline body enlarges somewhat and 
at a slightly later period it becomes oval and then constricts 
through the middle so that it has the appearance of a dumb- 
bell (Fig. 47, a) ; subsequently it div.’ies into two rounded 
parts (Fig. 47, b), which soon separate (Fig. 47, c). The 
vitelline bodies thus formed divide repeatedly, and by the time 
that the oocyte has reached the stage of Figs. 36-39, its cyto- 
plasm contains a considerable number of these bodies which 
vary greatly in size, although they all appear round and homo- 
geneous. Sometimes at this stage a vitelline body is enclosed 
in a clear area which marks it off from the cytoplasm, but 
this is not a constant phenomenon. Occasionally a vitelline 
body does not divide in the manner described above, but it 
breaks into three small parts (Fig. 38, Y) ; in other cases 
division is unequal and one large and one small body are 
formed (Fig. 38. X). Since the vitelline bodies vary so 
greatly in size and are so widely scattered throughout the 
cytoplasm at the stage of Fig. 39, it seems very probable that 
some of them are newly formed secretion products of the 
cytoplasm which appear first as minute granules and gradually 
increase in size. 
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The vitelline bodies begin to increase in number before the 
resolution of the large compound-nucleoli and at a time when 
the nucleus contains but a very few plasmosomes : they are 
scattered throughout the cytoplasm, chiefly in the zone midway 
between the periphery of the egg and the nuclear membrane; 
and very few of them ever lie close to the nucleus. These 
facts would seem to preclude the possibility that the vitelline 
bodies are extruded nucleoli, although in their staining reac- 
tions and in their general appearance they are strikingly like 
these structures. 

One of the reasons given by Will forconsidering the rounded 
bodies which he finds in the cytoplasm of the egg of Rana as 
extruded nucleoli is that he first finds these bodies in a light 
area close to the nucleus. Preparations of young ovarian 
eggs of Bufo that have been badly preserved frequently give 
the impression that nucleoli lie outside of the nucleus in a 
fluid space marked off from the cytoplasm. If such prepara- 
tions are examined under an immersion lens, one finds that 
the light area which apparently surrounds the nucleus is. in 
reality, a portion of the nucleus itself, since the nuclear mem- 
brane is readily found where the clear area comes in contact 
with the cytoplasm. In such eggs, owing doubtless to the 
imperfect penetration of the fixing fluid, all of the more fluid 
portions of the nuclear substance seem to be collected at one 
side or around the periphery of the nucleus, while the granu- 
lar achromatin and most of the nucleoli are massed together 
either in the middle of the nucleus or at one side of it. Pro- 
jections from this mass sometimes extend across the fluid 
substance to the nuclear membrane and thus give the appear- 
ance of an amoeboid nucleus without a nuclear wall. In 
nuclei of this character nucleoli are sometimes found stranded 
in the fluid substance and, under low magnification, they appear 
to lie in the cytoplasm. The clear area which separates the 
nucleus from the cytoplasm in many eggs is doubtless an arte- 
fact produced through the action of reagents: I do not think 
that it is present in the living egg. 

The vitelline bodies are rarely found close to the periphery 
of the egg at the stages of Figs. 36-39, and I have seen 110th- 
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ing that would indicate that follicle cells or their products enter 
the egg and produce these structures. As these bodies are not 
extruded nucleoli it is evident that they must be considered 
as secretion products of the cytoplasm itself. Since, as Bernard 
(8), Chittenden (20) and others have maintained, the nucleus 
is undoubtedly to be considered as an organ of constructive 
metabolism which “has controlling power over the metabolic 
processes in the cell, modifying and regulating the nutritive 
changes'’ (Chittenden), it is not to be supposed that the forma- 
tion of the vitelline bodies in the cytoplasm takes place inde- 
pendently of nuclear activity. Although no substance can be 
seen to leave the nucleus at the time that the number of vitel- 
line bodies is rapidly increasing, it is not improbable that a 
fluid, possibly an enzyme, passes from the nucleus into the 
cytoplasm and there causes the formation of these bodies. The 
same enzyme, acting in the nucleus itself, may be the cause of 
the formation of the plasmosomes ; for these bodies are being 
produced in considerable numbers in the nucleus at the time 
that the formation of vitelline bodies is taking place most 
actively in the cytoplasm. On this assumption it is probable 
that the vitelline bodies “bear the same relation to the cyto- 
plasm that the nucleoli do to the germinal vesicle,” as Jordan 
has suggested. Whether the substance out of which the vitel- 
line bodies are made is supplied entirely by the cytoplasm, or 
whether the follicle cells contribute material to the egg for 
their formation, I have not been able to determine. I have 
never found follicle cells inside of the egg, although they very 
frequently enter the cells of Bidder’s organ. The function of 
the follicle cells seems to be to form the egg membranes during 
the early stages of development and, after the egg has left 
the ovary, to aid in the absorption of the follicle sacs (King, 

50). 

Several investigators of amphibian oogenesis, besides Will 
and Leydig, have found rounded bodies in the cytoplasm of 
the egg which are doubtless of the same nature as the vitel- 
line bodies in the egg of Bufo. Hertwig (42) states that the 
small bodies which he finds in the cytoplasm of the egg of 
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Rana are composed of a hyaline substance and appear much 
like nucleoli, although they cannot be extruded nucleoli since 
nucleoli never wander into the cytoplasm. Born discovered 
small oval bodies near the nucleus in the cytoplasm of the 
egg of Triton which he hesitates to call yolk-nuclei since 
they never appear granular. Bataillon describes and figures 
the division of a small body lying in the cytoplasm of the 
egg of Rana which he considers to be a large nucleolus which 
has passed out of the germinal vesicle. He states that this 
body ordinarily disappears when the yolk is formed, and 
that he once saw it transformed into pigment. 

Bodies similar to the vitelline bodies in the egg of Bufo have 
been found in the mammalian egg by von Winiwarter (94), 
Gurwitsch (36), and von Skrobansky (85). These bodies 
are present in the cytoplasm in addition to a granular yolk- 
nucleus. The latter structure, according to the researches of 
von Winiwarter and Gurwitsch, is homologous to the idio- 
zome in the sperm-cells. The figures given by von Skrobansky 
of rounded bodies in the egg of the guinea pig are very similar 
to those shown in Figs. 36-38. Von Skrobansky states that 
these bodies increase in number as the egg develops and that 
they have a tendency to form in groups of two, three, or more 
which are often surrounded by a clear area. As their appear- 
ance is coincident with the disappearance of the yolk-nucleus, 
he suggests that the substance of the yolk-nucleus becomes 
differentiated into these rounded bodies, although it is not im- 
possible that they are new differentiation products of the cyto- 
plasm. 

Small homogeneous bodies appearing like the vitelline bodies 
in the egg of Bufo have been found in the cytoplasm of the 
eggs of various arachnoids, myriapods, and vertebrates, and 
classed with large granular structures as yolk-nuclei. From 
the researches of Henneguy, Balbiani (3), and others, it is 
evident that the term yolk-nucleus has been used in a general 
way to cover a number of different structures in the cytoplasm, 
as the term nucleolus has been applied to a variety of struc- 
tures in the nucleus. 
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When the toad has reached a body length of about 4 cm. 
and the egg has a diameter of from 0.18-0.2 mm., there ap- 
pears simultaneously in different parts of the cytoplasm a 
number of irregular, granular masses which I shall call yolk- 
nuclei since they are similar in appearance to the structures 
described under this name by Foot (32), Henneguy, Jordan, 
Calkins (14), and Munson (72). These yolk-nuclei arise as 
rather small, irregular patches of granular substance that are 
not sharply marked off from the surrounding cytoplasm. 
There is at first no regular arrangement of these bodies ; some 
lie near the nucleus; others are found near the periphery of 
the egg, while the majority lie in a zone midway between the 
nuclear membrane and the outer boundary of the egg. When 
sections are stained with any of the various combination stains 
previously mentioned, these yolk-nuclei take the plasma stain 
more deeply than does the cytoplasm and hence are easily 
seen. It seems strange that such a keen observer as Goette 
failed to find these bodies in the egg of Bombinator. 

The manner in which these yolk-nuclei are formed is shown 
in Fig. 46. Around one of the larger vitelline bodies there 
appears a clear area, as if the vitelline body had in some way 
caused a liquefaction of the surrounding cytoplasm (Fig. 46, 
X). The substance of this area then becomes changed into an 
irregular mass of minute granules which at first stain but 
slightly darker than the cytoplasm. In some cases the vitel- 
line body can be found in the centre of the yolk-nucleus (Fig. 
46, Y), but as a rule it quickly loses its capacity for staining 
and then disappears, evidently being used up in the formation 
of the yolk-nucleus. As shown in Fig. 53^ a yolk-nucleus 
sometimes contains several vitelline bodies of various sizes 
which stain as intensely as at the stages of Figs. 36-39. In 
cases of this kind it is impossible to determine whether the 
vitelline bodies in each yolk-nucleus are produced by the* re- 
peated division of the one vitelline body concerned in the 
formation of the yolk nucleus, or whether several vitelline 
bodies originally took part in the formation of a single volk- 
nucleus. I am inclined to the former view since the vitelline 
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bodies grow rapidly and divide very readily both in earlier 
and in later stages of development and they are rarely found 
in groups of more than three before the formation of the 
yolk-nuclei. 

In eggs with a diameter of 0.25-0.3 mm. the yolk-nuclei 
are very conspicuous since they stain more intensely than at 
the stage of Fig. 46, and their number is much less than at an 
earlier period as several small granular masses fuse to form 
larger ones. At this stage of development the yolk-nuclei 
come to have a definite arrangement in the cytoplasm, form- 
ing a more or less complete ring midway between the nucleus 
and the periphery of the egg (Fig. 44). This is not an acci- 
dental arrangement found in a few eggs, but it is a constant 
phenomenon in eggs of a given size taken from different in- 
dividuals and preserved and stained in different ways. At 
this time the cytoplasm contains very few large vitelline 
bodies, most of these bodies having been used up in the forma- 
tion of yolk-nuclei. 

In the egg of the newt Jordan finds granular yolk-nuclei 
similar in appearance to those found in the egg of Bufo at 
the stage of Fig. 44. Jordan states that these bodies appear 
about the time that the yolk is beginning to form at the per- 
iphery of the egg “from points of independent origin,” and 
that there are never more than nine of these structures. In 
the very young egg Jordan has found what appears to be 
“localized condensations of the cytoplasm and a consequent 
greater avidity for staining fluids,” and he finds all gradations 
between these bodies and the granular yolk-nuclei. From his 
observations Jordan concludes that “in the newt the yolk- 
nuclei always arise first as condensations of the cytoplasm and 
subsequently increase in size and complexity with the growth 
of the egg.” The figures given by Jordan do not show clearly 
the early development of the yolk-nuclei, although his Figs. 
5, 10-12 are sufficiently detailed to indicate that the method 
by which the yolk-nuclei are formed in the egg of the newt 
is essentially the same as in the egg of Bufo. The subsequent 
history of these bodies in the egg of the newt is similar to that 
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of the yolk-nuclei that are first formed in the egg of Bufo 
since, for a time, they lie in a zone half way between the 
germinal vesicle and the periphery of the egg and later draw 
near to the germinal vesicle where they gradually disintegrate. 
The only conjecture Jordan makes as to the probable function 
of the yolk-nuclei is that “they have a real physiological sig- 
nificance probably related to the construction of yolk.” 

The granular yolk-nuclei found by Foot in the egg of Allo- 
lobophora fcetida bear a striking resemblance to those found 
in the egg of Bufo (Cf. Foot’s Figs. 4-5 with my Figs. 44 
and 46). According to Foot the yolk-nuclei arise in contact 
with the nucleus, but, judging from their staining reactions, 
they are not derived from the chromatin as Calkins (14) main- 
tains is the case in Lumbricus. As the yolk-nuclei increase in 
size they become broken up, and they are either scattered in 
patches throughout the cytoplasm or aggregated at the egg 
periphery. Foot concludes that these yolk-nuclei are formed 
of “archoplasm,” and she traces them into the attraction- 
sphere, the fertilization cone, and the polar rings. Munson 
finds granular yolk-nuclei in the egg of Clemmys marmorata 
which are similar to the granular masses shown in Figs. 44 
and 46. Munson states that these structures are formed of 
“a kind of metaplasm (or archoplasm) arising in the neigh- 
borhood of the germinal vesicle through the combined in- 
fluence of the nucleus and cytoplasm. From the place of its 
formation, it diffuses or flows throughout the cytoplasm where 
it serves as a culture medium of the living substance of the 
egg; in other words, it serves as food. The true yolk-bodies 
are a secretion of the living substance of the cytoplasm.” 

Soon after the yolk-nuclei become arranged in the form 
of a ring there appears near the periphery of the egg a number 
of small, round, homogeneous bodies which stain intensely 
(Fig. 45). These bodies, as their subsequent history shows, 
are a new generation of vitelline bodies which are directly con- 
cerned with the formation of the yolk. From their peripheral 
position one might, perhaps, be inclined to think that the 
follicle cells are concerned in some way with the formation 
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of these bodies. I have never found any evidence that would 
support such an assumption. Since these vitelline bodies are 
formed some distance from the yolk-nuclei and are at first 
nearly uniform in size, it would seem as if they must be new 
secretion products of the cytoplasm. There is the possibility, 
however, that they are derived either from the few vitelline 
bodies that were left over after the formation of the yolk- 
nuclei or from the granular substance of which the yolk-nuclei 
are composed. The vitelline bodies increase very rapidly in 
number and in size, and many of them give rise to small granu- 
lar yolk-nuclei, similar to those shown in Fig. 46, which al- 
ways remain at the outer surface of the egg (Fig. 54). 

While the new formation of vitelline bodies is taking place 
at the egg periphery, the ring of yolk-nuclei is gradually mov- 
ing towards the centre of the egg and at the stage of Fig. 54 
it closely encircles the germinal vesicle. In many cases yolk- 
nuclei seem to come in actual contact with the nuclear mem- 
brane. Whether there is a fusion between these bodies and 
the substance of the germinal vesicle, as Jordan is inclined to 
believe, I am not able to state. There is no noticeable in- 
crease in the size of the nucleus or any unusual change in the 
nuclear structure as one might expect to be the case were a 
considerable quantity of substance taken at this time into the 
germinal vesicle. After reaching the germinal vesicle the 
circle of yolk-nuclei stains less intensely and gradually dis- 
appears (Fig. 56). I am inclined to the opinion that their 
substance is dissolved in situ to take part later in the forma- 
tion of the yolk spherules in this region of the egg. This 
view agrees substantially with that advanced in 1859 by 
Thompson and since advocated by Jordan. 

As a rule the yolk-nuclei that are first formed have moved 
close to the germinal vesicle by the time that new yolk-nuclei 
are to be found at the periphery of the egg, and there is a 
cytoplasmic zone between them which is free from vitelline 
bodies or yolk-nuclei (Fig. 54). In exceptional cases, as 
shown in Fig. 53, the formation of the peripheral vitelline 
bodies and yolk-nuclei takes place even before the older yolk- 
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nuclei have become arranged in the form of a ring, and the 
only portion of the cytoplasm which does not contain these 
structures is that surrounding the germinal vesicle. As these 
cases are found so infrequently I have not been able to de- 
termine whether the yolk-nuclei later become arranged as 
in Fig. 54, or whether all of them remain at the periphery of 
the egg to take part in the formation of the yolk there. 

In Bufo, as in other amphibians according to the investiga- 
tions of Vogt, Goette, Schultze, Born, Iwakawa, Jordan, and 
Dubnisson, yolk spherules first appear in the outer regions 
of the cytoplasm and usually simultaneously in different parts 
of the egg. There are apparently two methods by which the 
first yolk spherules may be formed in the egg of Bufo. Both 
of these methods sometimes take place in the same egg; 
whether this is true for all eggs I am unable to say. The yolk 
develops so rapidly that it is difficult to follow the processes 
of its formation in any detail. 

Soon after the stage of development shown in Fig. 54 a 
varying number of small, oval bodies appear in the peripheral 
yolk-nuclei (Fig. 56). These bodies, which stain somewhat 
less intensely than the vitelline bodies, are yolk spherules which 
are being formed, evidently, from the substance of the yolk- 
nuclei. As the yolk spherules increase in number the granular 
yolk-nuclei fade away and they have completely disappeared 
by the time that the yolk forms a continuous layer around the 
periphery of the egg. 

In some cases certain of the vitelline bodies at the periphery 
of the egg grow very large (Fig. 55). The outlines of these 
bodies become irregular (Fig. 52, a), and subsequently they 
break into from two to four rounded, homogeneous pieces 
(Fig. 52, b) which in turn divide into smaller bodies (Fig. 52, 
c-e). As a result of the repeated division of the one vitelline 
body there is formed a mass of small oval bodies (Fig. 52, f) 
which are of the same size and shape as the small yolk spher- 
ules, although at first they stain more deeply than the yolk 
spherules and can therefore readily be distinguished from 
them. Later these bodies stain less intensely and seem to pass 
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over into yolk spherules. It is very probable that the aggre^ 
gations of small yolk spherules shown in Figs. 55-56 have 
had such an origin, although it is possible that they were de- 
rived from the substance of a yolk-nucleus. During the early 
stages of yolk formation the cytoplasm at the outer boundary 
of the egg frequently appears vacuolated. This does not seem 
to be a constant phenomenon, however, and it may be due 
in part, at least, to the action of reagents. 

In the egg of Bufo there are two generations of yolk- 
nuclei, both formed from or under the influence of the vitelline 
bodies, and both evidently concerned in the formation of yolk. 
The first yolk-nuclei that are formed appear simultaneously 
in different regions of the cytoplasm and they later move close 
to the genninal vesicle where they gradually fade away. One 
can readily trace every step in their development from the stage 
of that shown in Fig. 46 to that of Fig. 56. The yolk-nuclei 
belonging to the second generation are formed at the periphery 
of the egg and they are transformed directly into yolk spher- 
ules. The various stages in the development of these bodies 
can also easily be followed. With these facts in mind the 
following statement by Crampton (24) is of interest: “The 
accounts of the origin of the yolk-spheres from cytoplasmic 
elements at places removed from the nucleus, or from several 
centres, or in all parts of the egg at once, fail to take into 
consideration an earlier stage marked by the origin from the 
nucleus of a true yolk-matrix which subsequently disintegrates 
and spreads throughout the whole cell-body as in Molgula.” 
It would seem as if enough cytological work had been done 
to make it clear that one cannot deduce general rules applica- 
ble to all eggs from the study of one particular egg, no mat- 
ter how carefully the work may have been done. 

According to my investigations the formation of the yolk 
in the egg of Bufo is closely associated with the vitelline bodies 
and also with the granular masses produced by them, the yolk- 
nuclei. I have elsewhere stated that the vitelline bodies are 
probably secretion products of the cytoplasm formed, possibly, 
under the influence of an enzyme given off by the nucleus. The 
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granular yolk-nuclei are undoubtedly composed of nutritive 
material which is subsequently aggregated into yolk spherules. 
In some instances the substance of the vitelline bodies seems to 
be transformed directly into yolk spherules; the intermediate 
stage, that of the formation of yolk-nuclei, being omitted. 
This would seem to indicate that the vitelline bodies are them- 
selves but aggregations of nutritive material which is in a 
semi-fluid condition rather than in the form of granules. It 
may be that during the early stages in the development of the 
ova “yolk is present in the cytoplasm in the form of a diffused 
unstainable fluid,” as Montgomery has suggested, and that 
this fluid is first collected into the rounded vitelline bodies and 
later changed into yolk spherules. 

The part taken by the nucleus in the formation of yolk in 
the egg of Bufo is as yet obscured. I have never seen any 
nucleoli or any minute granules leave the nucleus which might 
have an influence on the formation of the yolk. If, as seems 
probable, the nucleus directs and controls the nutritive pro- 
cesses in the cell, then in the formation of yolk it must act 
either through a fluid substance which it gives out into the 
cell-body, or it must exert its influence directly on the deuto- 
plasmic substance of the cytoplasm. In many kinds of eggs, 
according to the investigations of Conklin, Crampton, Calkins, 
Foot and Floderus (31), the yolk is formed first around the 
nucleus and then produced progressively towards the periphery 
of the egg. In these cases it may be supposed that the cyto- 
plasm surrounding the nucleus is directly stimulated by the 
nucleus to produce yolk. In amphibians and many other 
vertebrates the yolk first appears at the periphery of the egg. 
In these cases the nucleus has a less direct influence on the 
yolk formation, and this influence is probably exerted through 
the action of a fluid substance which passes by osmosis through 
the nuclear membrane into the cell-body. The investigations 
that have seemed to show that yolk is derived directly from 
nucleoli, or from chromatin, or from follicle cells, are all open 
to question, and until they have been confirmed by further 
research I shall be inclined to believe that yolk formation is 
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one of the anabolic processes in the cell which, although it 
is directly or indirectly controlled by the nucleus, does not de- 
pend upon the nucleus for its material substance. 

Zoological Laboratory, 

University of Pennsylvania, 

March 14, 1908. 
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EXPLANATION OF PLATES. 

All figures were drawn with the aid of a camera lucida. They have 
been reduced one-third. 

Abbreviations used in lettering the figures : 

Al., alimentary tract. 

Ao., aorta. 

C., centrosome. 

C. V., cardinal vein. 

E., endoderm. 

G. , germ-cells. 

H. , heart. 

L., liver. 

L. M., lateral plates of mesoderm. 

M. , mesoderm. 

N. , neural tube. 

No., notochord. 

Nu., nucleolus. 

P., early prophase of mitosis. 

T., Wolffian tubule. 

V., vitelline body. 
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Fig. 18.— Cyst of secondary oogonia in the resting stage. X 1,334. 

Fig. 19.— Cyst containing secondary oogonia in various stages of 
mitosis. X 1,334- 

Fig. 20— Young oocyte with oval nucleus. X 1,334. 

Fig. 21.— A slightly later stage than Fig. 20. The nucleus of the 
oocyte has assumed a rounded form. X 1,334. 

„ F j G - 22 -- Earl y growth stage of the oocyte. The nucleus contains a 
well defined, apparently continuous spireme. X 1,334. 

Figs. 23-24.— Stages showing the gradual condensation of the nuclear 
substance previous to synizesis. X 1,334. 

Fig. 25.— Synizesis stage. X 1,334. 

Figs. 26-27.— Post-synizesis stages. Part of the chromatin has been 
evolved in the form of a continuous convoluted spireme : the nucleoli and 
the rest of the chromatin appear in the form of irregular masses lying 
against the nuclear wall or in the meshes of the spireme. X 1,334- 

Figs. 28-29.— Stages showing the longitudinal splitting of the spireme. 
X 1,334- 

Fig. 30. Slightly later stage. The sister portions of the spireme have 
begun to separate. X 1,334. 

Fig. 31. Young oocyte surrounded by its zona pellucida. In the 
nucleus the sister portions of the spireme are almost entirely separated 
X 1,334. 

Fig. 32. Section of an oocyte in which there is a complete separation 
of the sister portions of the spireme. X 1,334. 

Figs. 33-34-— Nuclei of the young oocytes showing the division of the 
spireme into double segments. X 1,334. 

Fig. 35.— Section of the nucleus of a young oocyte showing the begin- 
ning of the resolution of the amorphous masses shown in Fisrs 26-n. 
X 1,334- * 

Fig. 36.— Section of a young oocyte showing the differentiation of one 
of the amorphous masses into a meshwork of chromatin threads and 
rounded nucleoli. X 1,334. 

Fig. 37-— Section of a cyst containing oocytes in different stages of 
development. X 1,000. 

Fig. 38. Stage following that of Fig. 36, showing the relation of the 
nucleoli, the oxychromatin threads and the chromosomes. In the cytoplasm 
are numerous vitelline bodies. X i,334- 

Fig. 39. Section of a young oocyte. The chromosomes are scattered 
throughout the nucleus and they have assumed the feathery appearance 
which characterizes them throughout the rest of the growth period. The 
oxychromatin threads are entirely separated from the nucleoli and have 
become very granular. In the cytoplasm are numerous vitelline bodies of 
various sizes. X 1,334. 
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Figs. 40-41. — Sections of the nuclei in oocytes of a young toad with a 
body length of 3.5 cm. A large nucleolar body, oxychromatin threads and 
feathery chromosomes are shown. X 1,000. 

Fig. 42. — Section of the nucleus in the oocyte of a toad with a body 
length of 3 cm. Some of the nucleoli stain faintly and are evidently in 
the process of dissolution. X 1,000. 

Fig. 43. — Section of a nucleus in an oocyte of a toad with a body 
length of 4 cm. showing the fragmentation of a large nucleolar body, 
scattered oxychromatin threads, and a pair of chromosomes. X 1,000. 

Fig. 44. — Part of a section of an egg taken from a young toad with a 
body length of 5.5 cm. The yolk-nuclei are collected in a zone lying mid- 
way between the nucleus and the periphery of the egg. Diameter of the 
egg is 0.23 mm.; of the nucleus, 0.11 mm. X 1,000. 

Fig. 45. — Drawn from an egg taken from the same ovary as that from 
which Fig. 44 was taken. Differentiation of the compound-nucleoli with 
the aid of safranin and gentian violet. X 1,000. 

Fig. 46. — Part of a section of an egg taken from a toad with a body 
length of 5 cm. The yolk-nuclei are forming at the expense of the vitel- 
line bodies. X 1,000. 

Fig. 47. — Division stages of a vitelline body. X 1,334- 

Fig. 48. — Section of the nucleus of an egg taken from the ovary of an 
adult toad killed the latter part of April. The plasmosomes are separated 
from the chromatin and most of them are massed at one side of the 
nucleus. Diameter of the nucleus, 0.2 mm. X 33 3. 
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Fig. 49. — Section of the nucleus of an egg taken from an adult toad 
killed the latter part of April. The chromosomes occupy the centre of the 
nucleus, while the plasmosomes are very evenly distributed about the 
nuclear periphery. X 333 - 

Fig. 50. — Section of the nucleus of an egg taken from an adult toad 
killed early in May. The plasmosomes have migrated to the interior of 
the nucleus and they enclose the chromosomes. X 333 - 

Fig. 51. — Peculiar types of compound-nucleoli found in many of the 
nuclei during the later development of the oocytes. X 1,334. 

Fig. 52. — Stages showing the formation of yolk spherules from a vitel- 
line body. X 1,334- 

Fig. 53. — Yolk-nuclei and vitelline bodies in an egg taken from an 
adult toad killed the latter part of April. X 1,000. 

Fig. 54. — Part of a section of an egg taken from a young toad with 
a body length of 5.5 cm. New yolk-nuclei are forming at the periphery 
of the egg, and the older ones closely surround the nucleus. X 1,000. 

Fig. 55. — Formation of yolk spherules at the periphery of an egg 
taken from an adult toad killed in May. X 1,000. 

Fig. 56. — Part of the section of an egg taken from an adult toad killed 
in May. At the periphery of the egg a layer of yolk spherules is forming 
at the expense of yolk-nuclei and vitelline bodies. The layer of yolk- 
nuclei around the nucleus is beginning to disappear. X 667. 
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THREE FIGURES 

Data have recently been obtained that show the complete 
breeding history of a considerable number of female rats. An 
analysis of these data with reference to the question of fertility 
and its relation to age seems desirable, since literature dealing 
with litter size in rodents (bibliography in ‘The Rat,’ Donald- 
son, ’15) gives very little information on this point and fails 
to record the entire litter production of even one pair of animals. 

The breeding records of seventy-six females that produced 
a total of 585 litters are used in this study. The majority of 
the females (50) were piebald or ‘hooded’ rats; the rest were 
either ‘extracted’ albinos (15) or ‘extracted’ grays (11). All 
three strains were derived from the F, generation of a cross 
between the wild Norway rat (Mus norvegicus) and the domes- 
ticated albino (Mus norvegicus albinus). Mention is made of 
the kind of rats used merely as a matter of reference. The con- 
clusions drawn from the results are doubtless applicable also 
to other strains of rats. 

All of the females lived to be at least sixteen months of age, 
the oldest dying at the age of twenty-three months. Under 
the conditions existing in the animal colony of The Wistar In- 
stitute a rat is usually in its prime at the age of seven or eight 
months, and after reaching twelve months of age it is classed 
as ‘old.’ Very few individuals live for more than twenty months, 
although all animals are kept under environmental conditions 
that. are seemingly well suited to their needs. The relatively 
early death of the animals is due, in part at least, to the fact 
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that seasonal changes in temperature in the region of Phila- 
delphia render old animals very susceptible to pneumonia, the 
disease that invariably proves fatal to a rat of any age. In a 
more equable climate, like that of California, rats have been 
kept in good physical condition until they were four years old 
(Slonaker, ’12). 

In the rat the menopause usually appears at the age of fifteen 
to eighteen months (Donaldson, ’15, p. 21). Data covering 
the litter production during the first sixteen months of life, 
therefore, may be assumed to show the actual fertility of the 
great majority of females. The word ‘fertility’ is here used as 
defined by Pearl and Surface (’09) to designate: “the total 
actual reproductive capacity of pairs of organisms, male and 
female, as expressed by their ability when mated together to 
produce (i.e., bring to birth) individual offspring.” Fertility, 
according to this definition, is a much more comprehensive 
term than fecundity with which it is often confused. The 
latter, as suggested by Pearl and Surface should properly be 
used to signify only “the innate potential reproductive capacity 
of the individual organism as denoted by its ability to form and 
separate from the mature body germ cells.” 

Litter data for the three strains of rats are shown in table 1. 


TABLE 1 

Showing litter data Jot the three series of rats 
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NUMBER 
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FEMALES 
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TER8 CAST 
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NUMBER 
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TOTAL NUMB 
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Piebald series 

50 

406 

6.9 

2798 

1447 

1351 

107.1 

Extracted albinos 

15 

88 

6.2 

548 

279 

269 

103.7 

Extracted grays 

11 

91 

6.7 

609 

310 

299 

103.6 


76 

585 

6.7 

3955 

2036 

1919 

106.1 


As table 1 shows, the corresponding records for the three 
series are very similar. The differences in regard to litter size 
and to the relative proportion of the sexes that are found are 
well within the limits of the variation that is always to be ex- 
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pected when the number of records is comparatively small. 
For further analysis, therefore, the data for the three strains 
have been combined. The entire series of records, arranged 
according to the age of the mothers when the litters were cast, 
is given in table 2. 

The ‘mean age of the females,' as given in the first column of 
table 2, is the median point of a thirty day period in the life of 

TABLE 2 


Showing the number of. litters in the combined series , together with the sex ratios 
and the coefficients of variation for litter size. Data arranged according to the 
age of the females when the litters were cast 


MX AN AOE OX 
FBM LIS IN 
DATS 

NUMBSB 

OF LITTKB8 
CAST 

AVERAGE 
NUMBER Or 
TOUNQ PER 
LITTER 

TOTAL NUM- 
BER Or IN- 
DIVIDUALS 

MALES 

rBMALBS 

NUMBER OR 
MALBSTO 
100 

FEMALE 

coxrrx- 
CIXNT8 or 
VARIATIONS 
ROE UTTER 
SUB 

90 

38 

6.9 

264 

126 

138 

91.3 

34.9 

120 

49 

7.9 

389 

207 

182 

113. 7 

32.3 

150 

57 

7.6 

433 

215 

218 

98.6 

26.5 

180 

60 

7.8 

472 

252 

220 

114.5 

31.5 

210 

61 

7.7 

471 

243 

228 

106.5 

25.2 

240 

46 

7.3 

337 

155 

182 

85.1 

36.8 

270 

44 

7.0 

314 

163 

151 

107.9 

36.2 

300 

49 

7.4 

363 

187 

176 

106.2 

35.7 

330 

41 

6.0 

246 

138 

108 

127.7 

37.8 

360 

31 

6.1 

• 191 

97 

94 

103.1 

36.5 

390 

35 

5.1 

179 

104 

75 

138.6 

51.2 

420 

26 

4.5 

118 

64 

54 

118.5 

41.8 

450 

18 

4.3 

79 

35 

44 

79.5 

51.5 

480 

13 

3.2 

42 

23 

19 

121.0 

73.3 

510 

10 

3.4 

34 

17 

17 

100.0 

36.3 

540 

6 

3.6 

22 

9 

13 

69.2 

47.7 

570 

1 

1.0 

1 

1 





585 

6.7 

3,955 

2,036 

1,919 

106.1 

38.0 


each animal, except in the two cases noted below. For example, 
the mean age T20 days' includes the records for all litters pro- 
duced by females that were from 105 to 135 days of age when 
parturition occurred. The ninety day group is one exception 
to the above rule; it comprises litter records for a twenty day 
period only, as the youngest mother in the series was eighty- 
six days old when her first litter was cast. One female gave 
birth to a litter of one when she was 594 days old. For the 
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sake of uniformity this record is put under the mean age ‘570 
days’ which is thus extended to include a period of forty-four 
days. 

The majority of female rats that are in good physical condi- 
tion cast their first litters when they are about three months 
old. Thirty-eight of the seventy-six breeding females bore 
young before they were 105 days old; all of the remaining females, 



Fig. 1 Graph showing, for the entire series, the relation of the age of the 
mother to litter production (data in table 2). 

with four exceptions, threw litters before they reached the age 
of 135 days. As table 2 shows, the number of litters cast in- 
creased with the age of the mothers until the females attained 
the mean age of 210 days. After the age of maximum fertility 
was passed the number of litters cast decreased rapidly, and only 
a small proportion of the females bore young after they had 
reached the age of fifteen months. 

The graph in figure 1, constructed from the litter data in 
table 2, shows the relation of the age of the mother to litter 
production. 
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The graph in figure 1 starts relatively high and rises rapidly 
to its maximum which comes at the 210 day period. The 
decline of the graph is much more gradual than its rise, and not 
until near the 360 day period does the graph drop to the level 
at which it starts. From this point the fall is more rapid, and 
the graph reaches zero after the females have attained the mean 
age of 570 days. Fecundity in the rat, measured solely by the 
number of litters cast by the females at different age periods, 
is thus found to accord remarkably well with the law formulated 
by Marshall (’10): “The fecundity of the average individual 
woman may be described, therefore, as forming a wave which, 
starting from sterility, rises somewhat rapidly to its highest 
point, and then gradually falls again to sterility.” There can 
be no doubt that animals, in general, tend to follow a simi- 
lar law, as the litter records for various species collected by Mar- 
shall, by Pearl (’13) and others have already shown. 

Judging from the data in table 2 a female rat reaches the 
height of her reproductive capacity when she is about seven 
months of age. This age represents also the median point in the 
animal’s breeding career. That is, one-half of the total num- 
ber of her offspring are produced by the time she has reached 
this age and one-half are produced afterwards. 

When the females have reached the age of eighteen months 
their reproductive activity is usually at an end, as the data in 
table 2 indicate. Donaldson (’06) has shown that the first 
year of a rat’s life is approximately equal to thirty years of 
human life. On this assumption a female rat that is eighteen 
months of age corresponds physiologically to a woman of forty- 
five. The menopause evidently takes place in these two forms 
at about the same period in the life span of the individual, but 
there is no corresponding likeness as regards the age of puberty 
or of maximum fertility; both of these processes take place in 
the rat at a relatively much earlier period. 

The third column of table 2 shows the average size of the lit- 
ters cast by the females at different age periods. The litters 
of very young females contained an average of 6.9 young per 
litter. This is a smaller average number of young than is found 
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for any group of litters until the females have past the zenith 
of their reproductive activity. Such a result was to be expected, 
since a number of investigations, for instance those of Minot 
(’91) on guinea pigs and of Hammond (’14) on rabbits and pigs, 
have shown that the number of offspring produced by young 
animals breeding for the first time is usually below the number 
that is considered normal for the species, and also that litter 
size tends to increase for a time with the age of the female. 
The largest Utters in the series were those produced by females 
with a mean age of 120 days. Litter size remained close to the 
maximum until the females were eight months old when a sUght 
diminution in the number of offspring was noticed. A further 
decrease to an average of only six young per Utter was found in 
the Utters thrown by females that were one year old. Each 
succeeding month added to the female’s life seemed to lessen 
the number of her offspring to a marked extent, and after the 
females were fifteen months old the mean size of the Utters cast 
was only about three .young per Utter. Not infrequently the 
offspring of old females were bom dead or soon died from neglect 
as the mothers seemed unable to suckle, them. 

There is, as yet, no standard for Utter size in ‘extracted’ 
strains of rats with which the present series of records can be 
compared. Miller (’ll) and Crampe (’84) give 10.5 as the 
average number of young in a Utter of wild gray rats; but Lantz 
(’10), on examining a large series of animals, found an average 
of only 8.1 embryos in pregnant gray females. According to 
Crampe the average Utter of albino rats contains 6.3 young; 
data for over 1000 Utters, collected by King and Stotsenburg, 
give the mean number of young in albino Utters as 7.0. Accord- 
ing to the above observations Utters of gray rats contain a greater 
average number of young than do those of albino rats. The 585 
Utters used in the present investigation contained an average of 
only 6.7 young. This seems to indicate that Utter size in ‘ex- 
tracted’ strains of rats is less than that in either of the pure 
strains from which the animals were derived. It must not be 
forgotten, however, that the Utter size for the pure strains, as 
given above, was not obtained from the complete breeding rec- 
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ords of a number of females but from a random collection of 
litters cast by females of unknown age. Litter size in various 
strains of rats cannot be properly compared until litter records 
for the several strains have been collected in a similar manner. 

The relation between the age of the mother and litter size 
is shown by the graph in figure 2. The data used in construct- 
ing this graph are given in table 2. 

The graph reaches its maximum when the females are prac- 
tically at the beginning of their reproductive activity (i.e., at 



Fig. 2 Graph showing, for the entire series, the relation of the age of the 
mother to the average size of the litter (data in table 2). 


120 days of age), and then declines very gradually approximat- 
ing zero when the females are eighteen months old. Fertility 
in the rat, measured by the size of the litters cast, is thus found 
to be correlated with the age of the mother at the time that 
parturition occurs. 

There is a possibility that the number of the pregnancy is a 
factor that influences the size of the litters cast. In order to 
analyze the data on this basis the records have been arranged 
according to the position of each litter in a litter series and are 
given in table 3. 

When the data are arranged as in table 3 it is found that the 
second litter is the largest of the series. This result is in accord 
with the observations of Crampe (’84) and of King and Stotsen- 
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TABLE 3 


Showing the number , the average size of the litters and the sex ratios when the data 
are arranged according to the position of each litter in a litter series 


position or the 

LITTER IN A 
LITTER SERIES 

TOTAL NUM- 
BER OP 
LITTERS 

AVERAGE 
NUMBER OF 
YOUNG PER 
LITTER 

TOTAL NUM- 
BER OP IN- 
DIVIDUALS 

MALES 

FEMALES 

NUMBER OF 
MALES TO 
100 FEMALES 

1 

76 

7.2 

553 

290 

263 

110.2 

2 

76 

7.7 

591 

292 

299 

97.6 

3 

76 

6.9 

531 

276 

255 

108.2 

4 

74 

7.3 

543 

270 

273 

98.9 

5 

66 

7.0 

463 

235 

228 

103.0 

6 

66 

6.8 

384 

197 

187 

105.3 

7 

43 

6.9 

300 

157 

143 

109.7 

8 

36 

5.8 

210 

118 

92 

128.2 

9 

30 

5.0 

151 

89 

62 

143.5 

10 

21 

4.8 

100 

57 

43 

132.5 

11 

14 

4.8 

67 

31 

36 

86.1 

12 

9 

3.8 

35 

15 

20 

75.0 

13 

7 

3.5 

25 

9 

16 

56.2 

14 

1 

2.0 

2 

0 

2 



586 

6.7 

3,955 

2,036 

1,919 

106.1 


burg (’15) on the albino rat. The number of the pregnancy, 
up to five, does not seem to have a very marked effect on litter 
size. The first five groups of litters have an average of 7.2 
young per litter, which is above the average size of litters of 
albino rats (7.0 young per litter) and considerably greater than 
the mean size of all the litters in the present series (6.7 young per 
litter). A slight decrease in size is noted in the sixth litter 
group, and in the succeeding litters the number of young dimin- 
ishes steadily. Only exceptionally vigorous females are able 
to produce more than ten fitters and these later litters rarely 
contain more tlian one to three young. 

As a rule female rats begin breeding when they are three 
months old, and they will produce a fitter each month for sev- 
eral succeeding months if they are in good physical condition. 
The second fitter is cast, therefore, when the female is about, 
four months old and the fifth fitter is born when the mother is 
seven or eight months old. On referring to table 2 it is found 
that fitters born when the females are four months old have a 
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greater average size than litters cast at any other age period, 
and that females reach the climax of their reproductive activity 
at about seven months of age. In both tables there is a rapid 
decrease in the size of the litters towards the end of the series. 
As far as the question of litter size is concerned the two tables 
are in complete agreement. Such a litter series as that in table 
3 is necessarily an age series, and it is very probable that it 
is the age of the female and not the number of the pregnancy 
that is a determining factor for litter size. 

The size of a newborn litter of rats depends, primarily, on 
the number of ova shed at a given period of ovulation that are 
capable of fertilization. Litter size, however, is not always 
indicative of the actual fecundity of the female, since the off- 
spring bom represent only that portion of the fertilized ova 
that were capable of normal development. Not infrequently 
the examination of a gravid female will show one or several 
fertilized ova in the uterus that are more or less atrophic and so 
incapable of developing into normal embryos (Huber, ’15) . Such 
ova are usually absorbed in situ, and only very rarely are mon- 
strosities found among the normal newborn young. Accord- 
ing to Hammond (T4), the lower fertility of young sows as 
compared with that of adult animals is due to the fact that not 
so many ova are shed at each period of ovulation. This ex- 
planation for the change in the fertility of swine is doubtless 
applicable also to a similar change in the fertility of rats and of 
other animals. Very probably the lessened fertility of old ani- 
mals as compared with that of animals in their prime is due to 
the same cause. Whether abnormal ova are more frequent in 
old females than in young ones and so help to diminish the fer- 
tility in later life has not, as yet, been determined. 

The last column of table 2 gives the coefficients of variation 
for the size of the litters cast by the females at different age 
periods. These coefficients show that size variation is consider- 
ably greater in the litters thrown by very young females than 
in the litters produced by females at the height of their repro- 
ductive activity when they are seven months of age. The latter 
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group of litters has the lowest coefficient (25.2) in the entire 
series. 

As the number of litters cast after the females were a year 
old was relatively small, the coefficients for later litter groups 
can have little value. There seems, however, to be a very 
marked tendency for litters cast by older females to exhibit a 
greater range of variability in size than is shown by the lifters 
of young females, the maximum variability appearing in the 
litters produced by females when they were about sixteen months 
old. 

The entire series of litters gives 38.00 as the coefficient of 
variation for litter size. This coefficient is practically the same 
as that for litter size in the mouse, which is 37.5 according to 
the records collected by Weldon (’07), but it is 10 points less 
than the coefficient for the number of human offspring (Powys, 
’05). The coefficient of variation for fertility is very high in 
all mammals, apparently, being at least 25 per cent in the sev- 
eral cases where it has already been determined (Surface, ’08). 

Different females — even sisters from the same litter — show 
marked variations in the number and in the size of the litters 
they produce. Whether such differences depend upon the in- 
heritance of various fertility factors, or whether they are due to 
environment or to individual peculiarities of the females them- 
selves remains to be determined. . 

Table 4 shows the number of litters produced by the seventy- 
six females whose breeding records are used in the present study. 

As shown in table 4, the range of variation in the number of 
litters produced by different females was from three to four- 
teen with an average of 7.7 litters per female. One of the two 
females that cast only three litters did not breed until she was 
six months old when she gave birth to a litter of seven. A 
second litter, with nine young, was bom when the mother was 
eight months old, and a final litter, containing seven young, 
one month later. This female lived to be seventeen months 
old and she appeared to be in good physical condition until 
shortly before her death. The other female casting only three 
litters had a very similar breeding history. Some diseased 
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TABLE 4 


Showing the litter production of 76 female rats 


NUMBER 07 BREEDINQ 
FEMALES 

NUMBER OP LITTERS 

CAST 

2 

3 

8 

4 

10 

5 

13 

6 

7 

7 

6 

8 

8 

9 

9 

10 

4 

11 

2 

12 

6 

13 

1 

14 

76 

585 


condition of the generative organs was doubtless responsible 
for the small number of litters produced by these two females, 
as investigations being carried on in the animal colony of The 
Wistar Institute by Dr. Stotsenburg show that sterility in a 
female rat is usually due to the formation of ovarian cysts or to 
degenerative changes in the uterus. 

According to Crampe (’84), female albino rats, as a rule,. do 
not produce more than four or five litters: records collected by 
Miller show that the wild gray rat has relatively more litters 
than the albino rat. The average of 7.7 litters per female, 
found in the present series of animals, is undoubtedly too high 
for the general run of females. Twenty-three of the seventy- 
six breeding females in this series had a total of five or six litters 
only, and it seems probable that this is about the average 
number of litters produced by female rats in general. 

While six females had thirteen litters each, only one female 
gave birth to fourteen litters. This latter case is so unusual that 
it seems worthy of special note. The complete litter data are 
given in table 5. 

This female, a piebald, gave birth to her first litter on Febru- 
ary 7 when she was ninety-five days old. This litter was ex- 
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TABLE 5 

Showing the litter production of a female piebald rat f that was born November 4, 
191S, and died June H, 1915 


LITTXB 

SERIES 

DATE 07 BIRTH 

NUMBER 
TO UNO 

MALES 

FEMALES 

1 

February 7, 1914 

11 

5 

6 

2 

March 11, 1914 

13 

5 

8 

3 

April 3, 1914 

8 

6 

2 

4 

April 30, 1914 

9 

5 

4 

5 

May 23, 1914 

9 

6 

3 

6 

June 20, 1914 

10 

2 

8 

7 

July 14, 1914 

11 

5 

6 

• 8 

August 12, 1914 

6 

2 

4 

9 

September 10, 1914 

10 

6 

4 

10 

October 15, 1914 

10 

9 

1 

11 

November 23, 1914 

4 

3 

1 

12 

January 28, 1915 

3 

2 

1 

13 

March 26, 1915 

3 

3 

0 

14 

April 28, 1915 

2 

0 

2 



109 

59 

50 


ceptionally large for the first litter of so young a female as it 
contained eleven young. The second litter, with thirteen young, 
was cast the following month. It is rather remarkable that 
both of these litters should be so much larger than normal, 
since, as a rule, a very large first litter is followed by a compara- 
tively small one, unless at least two months intervene between 
the birth of the litters. The female cast two litters in April, 
and subsequently she gave birth to a litter each month until 
she was twelve months old. With one exception each of these 
litters was larger than the average litter of albino rats. A marked 
decline in fertility was noted after the female was a year old: 
the intervals between litters became longer and the size of the 
litters decreased. The fourteenth litter, which contained only 
two young, was cast when the female was about seventeen 
months old, and although the female lived to be nearly twenty- 
two months old she did not breed again. During this long 
period of reproductive activity a total of 109 young were bom, 
59 males and 50 females. The median point in this female’s 
breeding career was the same as that for the entire group of 
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females, namely seven months, and she produced an average of 
7.8 young in each litter. 

An examination of the individual records for each of the re- 
maining females in the series that gave birth to a very large 
number of litters i.e., from eleven to thirteen, shows that in 
every instance the first litter cast was large, containing from 
nine to eleven individuals. In .those cases where females pro- 
duced less than six litters the first litter cast, with one exception, 
never contained more than seven young. The number of rec- 
ords is so small that no definite conclusions can be drawn from 
them, but they seem to indicate that the size of the first litter 
cast is somewhat of an index of the fertility of that particular 
female : a large first litter indicating that the female, if she keeps 
in good physical condition, will produce more litters than the 
average run of females. Crampe states that the second of a 
rat’s litters is always the ‘best’ and that this litter is indicative 
of the size of subsequent litters. This observation has been 
confirmed only in part by the present series of records: the 
second fitter is the largest of the series, but the size of this fitter 
is not as indicative of the later fertility of the female as is the 
size of the first fitter cast. 

Individual rats show as marked differences in the number of 
young produced at one birth as they do in regard to the total 
number of fitters cast. Litters cast by some females are almost 
always relatively large. The female whose fitter record is 
given in table 5, for example, cast but one fitter in the first ten 
that contained less than seven young. Some females never 
have a litter that contains more than seven young, while others 
females cast a large and a small fitter alternately. 

The fitter frequencies in the three series of rats are shown 
in table 6, the range in fitter size being from one to sixteen. 

In table 6, as in table 1, there are slight differences in the cor- 
responding data for the three series of rats that may or may not 
prove to be significant when larger series of records are analyzed. 
Litters of eight young were most frequent in the piebalds and 
in the extracted grays, while six was the most common number 
of young in the fitters of extracted albinos. The data for the 
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litter frequencies in the combined series is shown in the form of 
a frequency graph in figure 3. 

The graph in figure 3 has two modes, one at the point of six 
and the other at the point of eight young per litter. The graph 
thus appears to be compound, and it is possible that one of the 
two modal points corresponds to the degree of fertility normal 
for the wild Norway rat and the other to the degree of fertility 
that characterizes the albino rat, since these are the two strains 
from which the animals used for this study were derived. As 
the material is probably heterozygous as regards the factors for 
litter size, it does not seem advisable to attempt any analysis 
of the curve. It is of interest in this connection to note that 
the graph for litter frequencies in swine, as given by Went- 


TABLE 6 

Showing litter frequencies in the three series 


SIZE OF LITTER 

1 

2 

3 

4 

5 

6 

7 

s 

9 

10 

ll 

12 

13 

14 

18 

Piebalds 

6 

20 

32 

35 

31 

56 

40 

71 

48 

28 

17 

12 

8 

1 

1 

Extracted albinos 


5 

8 

7 

9 

20 

14 

8 

12 

4 

1 





Extracted grays 


3 

9 

6 

13 

12 

10 

15 

11 

9 

1 

1 

1 




6 

28 

49 

48 

53 

88 

64 

94 

71 

41 

19 

13 

9 

1 

I 


worth and Aubel (T6), has three modal points; one at four, a 
second at eight, and a third at twelve pigs per litter. The first 
mode corresponds to the degree of fertility in the wild hog, 
the third is close to that of the most fecund of the domestic 
breeds of swine, and the third probably represents a heterozy- 
gous condition. 

Evidence regarding the relation of the age of the mother to 
the sex of her offspring is conflicting. Statistics collected by 
Bidder (78) and by Punnett (’03) show that there is a great 
excess of boys among the children of very young mothers, the 
relative number of boys decreasing at subsequent births un- 
til the mother is thirty. Among children of old mothers (i.e., 
over forty) the sex ratio is again very high. In the horse Wil- 
chens (’86) found a relation between the age of the dam and the 
sex of her offspring very similar to that existing, apparently. 
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in the human race. On the other hand, Schultze’s (’03) in- 
vestigations on mice indicate that the age of the mother has 
seemingly no influence whatever on the sex of her young. 

According to the observations of King and Stotsenburg the 
normal sex ratio in the albino rat is about 107.5 males to 100 
females. As there are no available data regarding the normal 
sex ratio in other strains of rats the sex ratio in the albino rat 
is here taken as the standard with which to compare the sex 
ratios found in the present series of animals. 



Fig. 3 Graph for the frequencies of litter size in the entire series (data in 
table 6). 

Table 2 gives the sex ratios for the various litter groups when 
the data are arranged according to the mean age of the females 
at the time that the litters were cast. The sex ratios in litters 
belonging to closely related groups are so unlike that it would 
appear that there is no relation whatever between the age of 
the mother and the sex of her offspring. The sex ratio for the 
entire series of 3955 individuals is 106.1 males to 100 females. 
This shows that in the strains of rats used for this study the 
normal proportion of the sexes is about the same as that in 
the pure albino strain. 

When the litter data are arranged according to the position 
of each litter in a litter series (table 3), the sex ratios obtained 
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for the individuals in successive groups of litters are not quite 
as diverse as those for related litter groups as shown in table 2. 
The sex ratio among the individuals belonging to the first lit- 
ters of the series is higher than the standard, and in subsequent 
litter groups, up to the fifth, there is seemingly a tendency for 
the number of male offspring to decrease. A similar change in 
the sex ratios from the first to the fourth litter was noted by 
King and Stotsenburg in a series of litters cast by twenty-one 
albino females. Beginning with the fifth litter the sex ratios 
rise gradually until a maximum of 143.5 males to 100 females 
is reached at the ninth litter of the series. For the eleventh 
and subsequent litters, however, the sex ratios are much lower 
than the standard. From the sex ratios as given in table 2 
it would appear that among the individuals of a litter series 
the sex ratio might be expected to start relatively high and then 
fall steadily until about the fifth litter, rise again gradually to 
a maximum at about the ninth or tenth litter and subsequently 
drop to a low level which is maintained until the female reaches 
the menopause. 

The records under consideration are a special group selected 
solely because they cover the complete breeding history of a 
number of females that lived to an advanced age. Perhaps, 
therefore, they cannot be used legitimately to give evidence 
regarding the possible effects of the age of the mother on the 
sex of her offspring. From the data as given the only conclu- 
sion that' can be drawn is that the age of the mother is not a 
dominant factor in determining the sex of her young. If, as 
Riddle (’16) maintains, sex is determined by the ‘level of metab- 
olism’ in the fertilized egg, there is a possibility that the age 
of the mother may indirectly influence sex through its effects 
on the metabolic processes in the egg. Age has a profound 
influence on every tissue in the body, and its effects on the 
germ cells is a problem that must be attacked from a chemical 
standpoint, since it can never be solved by sex statistics how- 
ever extensive they may be. 


Digitized by i^.ooQLe 



RELATION OP AGE TO FERTILITY IN RAT 


285 


SUMMARY 

1. Litter data covering the entire breeding history of seventy- 
six female rats are given in the present paper. All of the fe- 
males belonged to ‘extracted’ strains that were derived from the 
F* generation of a cross between the wild Norway rat and the 
domesticated albino. 

2. The material used comprises the data for 585 litters con- 
taining 3955 individuals, 2036 males and 1919 females. The 
average number of young in each litter was 6.7. 

3. Fertility in the rat, measured by the total number of lit- 
ters cast, increases with the age of the female up to the time 
that the animal is seven months old. There is a sharp decline 
in fertility after the female is a year old and, except in rare 
instances, the menopause has appeared by the time that the 
female is eighteen months of age. 

4. Female rats reach the height of their reproductive activity 
when they are about seven months of age. This age also repre- 
sents the median point in the animal’s breeding career. 

5. The age of the mother is a factor in determining the size • 
of the litter cast. Litters of very young mothers are relatively 
small, and later litters are large until the female reaches seven 
months of age. Litter size diminis hes with the reduction in 
the number of litters cast, and litters of very old females rarely 
contain more than three young. 

6. The second litter is the largest of the series, the third and 

fourth litters are usually a little larger than the first. 1 

7. The serial number of the pregnancy, up to the fifth, does 
not seem to alter the size of the litter to any great extent. The 
sixth litter cast, however, is smaller than the preceding ones, 
and the number of offspring decreases rapidly as the position 
of the litter in the litter series advances. It is very probable 
that it is the age of the mother, not the number of the pregnancy, 
that influences the size df the litters. 

8. Coefficients of variation for litter size show that the lit- 
ters cast by very young females have a greater range of variation 
in size than have the litters cast by females at the height of 
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their reproductive activity. From this point the range of varia- 
tion in litter size appears to increase as the female grows older, 
and to reach its maximum in the litters cast when the females 
are sixteen months old. 

9. For the entire series of litters the coefficient of variation 
for litter size is 38.00. 

10. The total number of litters produced by different females 
varied from three to sixteen, with an average of 7.7 litters per 
female. 

11. The majority of female rats probably produce from five 
to six litters only. 

12. The size of the first litter cast seems to be somewhat of 
an index of the fertility of the female. If the first litter is veiy 
large the female will probably cast more litters than the av- 
erage run of females, provided she remains in good physical 
condition. 

13. The range in litter size was from one to sixteen. Eight 
was the most frequent number of young in the litters of the pie- 
balds and of the extracted grays, while six was the most com- 
mon number for the litters of the extracted albinos. 

14. The sex ratio for the 3955 individuals in the series was 
106.1 males to 100 females. This sex ratio is very close to the 
normal sex ratio for the pure albino strain (107.5 males to 100 
females). 

15. The sex ratios obtained for the various litter groups 
(tables 1 and 2) do not indicate that the age of the mother is a 
dominant factor in determining the sex of her offspring. Old 
females, however, seem to produce relatively more females 
than male young. 
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It is well known that reproductive activity in the majority of 
mammals, especially in those which have been in close association with 
man for a long period of time, occurs in cycles which can be readily 
modified by many different factors. Thus Heapb (’01) has shown that 
not only climate, confinement and the food supply influence reproductive 
cycles in domesticated animals to a marked extent, but that habits 
of life, and the special nervous, vascular and secretory peculiarities of 
individuals play an important role in reproduction. To wild animals 
in their natural habitat the nutrition available for nursing mothers, 
and for the young as soon as they are able to care for themselves, is of 
paramount importance. As the food supply depends in great measure 
upon changes in temperature and in moisture, the seasons of the year 
must have considerable influence on the rhythm of generative activity. 

Sexual functions are affected to some extent by different conditions 
in different species of animals. The sexual season, however, as Wester- 
marck (’21) has aptly stated, “is adapted to the requirements of each 
species. It is fundamentally governed by the law that the young 
shall be bom at the time which is most favorable for their survival, 
and the influence of seasonal conditions upon sexual functions, and 
the length of the period of gestation, are subordinate to this law”. At 
the present time many of our domesticated mammals breed through- 
out the year. It seems probable, however, that this is the effect of 
prolonged changes in environmental and in nutritive conditions brought 
about by captivity or by domestication, and that originally these ani- 
mals had a primitive breeding season in the spring ‘when winter is turning 
into summer’ (Aristotle). 

Data that have been presented by various investigators, either for 
or against the assumption that there is a seasonal variation in fertility 
and in the sex ratio, have, for the most part, been taken from the stud 
books of various Breeder’s Associations or from government statistics 
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of human births in different countries. Very few of them have been 
obtained from records of animals bred under controlled conditions 
which would eliminate environmental and nutritive factors that might 
influence the reproductive activity of the individuals. Human birth 
statistics, as has often been stated, are very unreliable in that the laws 
regarding the registration of births differ greatly in various countries, 
and records of illegitimate births and of the stillborn are commonly 
omitted. Records of Breeder’s Associations are still more unsatisfac- 
tory, since in many cases only animals of value are registered and no 
account is taken of stillborn young or of those that die soon after birth. 
There are, therefore, many sources of error in these statistics which 
may lead to erroneous conclusions when the data are analyzed. 

The conflicting results of investigators regarding the effect of sea- 
sonal changes on fertility and on the sex ratio leave this question still 
an open one. It seems worth while, therefore, to present new material 
dealing with this subject, and to compare the data with those others 
have used for a similar purpose. 

Breeding experiments with the rat, which I have conducted for many 
years in the animal colony of The Wistar Institute of Anatomy and 
Biology, have furnished an extensive series of data which can be used 
to show whether, under fairly uniform conditions of environment and 
of nutrition, variations appear in litter production and in the sex ratio 
which can be ascribed to the changing seasons af the year. After all, 
it is not the question as to how sex is determined that is of especial 
interest to the animal breeder, though this is a matter that greatly inter- 
ests the scientist. It is the number of viable offspring bom and the sex 
distribution among them that most concern him. If breeding at one 
definite season of the year tends to increase the number of young bom, 
or to give a preponderance of the sex desired, the breeder profits by 
this knowledge. 

The data for the rat, given in this paper, comprise a total of 16,487 litters, 
containing 113,709 individuals, born in the colony during the past eighteen years. 
Breeding animals have been maintained under conditions of environment and of 
nutrition that have been as uniform as it was possible to keep them. There has 
been no change during all these years in the kind of cage used to house the rats, 
in the character of the bedding material used, nor in the routine of caring for 
the animals. The food given has, of necessity, varied somewhat at different times. 
Since 1918, however, the rats have had a cooked ration, differing each day of 
the week, and green food (such as lettuce, spinach, cabbage etc.) once or twice 
a week. The chief variation in the food supply has been that more greens have 
been given in summer than in winter. The temperature in the colony room has 
varied considerably at different seasons of the year. The room has always been 
heated by steam in winter, however, so that the temperature has rarely fallen 
below 40° F. In summer the temperature has not often been higher than 90° F. 

Cages containing pregnant animals have been examined daily, except Sun- 
day, and on the birth of a litter a record of the number of young and the sex of 
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the individuals has been taken. The stillborn young have been included in all 
cases. To exclude them would not only reduce the size of the litter, but probably 
change the sex ratio, since males tend to predominate among such individuals 
(Kino, ’21). As stillborn young are frequently eaten by adults, if left for a few 
hours in the cage, it is essential that all litters be examined as soon after birth 
as possible if the records are to have much statistical value. As parturition 
seems to occur more frequently in the morning than at any other time of the day, 
the great majority of litters have been obtained at or soon after birth. Errors of 
omission must inevitably have occurred in long continued breeding experiments 
of this kind, but they have been reduced to a minimum and, it is hoped, they 
have not seriously affected the results. 

For all rats, except the inbred Albinos, the data given cover the entire 
reproductive life of the females used for breeding. Under conditions existing in 
my colony, the reproductive period in the female rat extends over a period of 
approximately fifteen months. Out bred albino and piebald females, if in good 
condition, were always kept until they were eighteen months old, and many 
that showed exceptional fertility were not discarded until they were two years 
old. Hybrid and gray females do not, as a rule, begin breeding at as early an 
age as do Albinos, and their reproductive period, therefore, extends to a later 
age. These females were retained until they were twenty months old in all 
cases where they were in physical condition to bear young; some that continued 
breeding were kept until they were over two years old. For a study of the fac- 
tors that may tend to influence the sex ratio in the young it is important that 
the total litter production of all females be obtained when possible, since the age 
of the mother has a decided influence on the sex ratio in the young (King, *16). 

All of the rats used in this study belong to the same species, Mus norvegicus. 
The common form, the ‘gray’ or ‘brown’ rat (frequently called the Norway rat), 
is the original wild type from which the Albino and various colored rats have 
been derived through mutation. My colleague, Dr. H. H. Donaldson, has re- 
cently made a suggestion which I have been pleased to follow throughout this 
paper, namely, that the word ‘gray’ should be used to designate the wild type, 
and that the term ‘Norway’ should be employed only in the general sense to 
cover all rats belonging to the species Mus norvegicus. 

If seasonal changes in temperature or in the food supply directly 
or indirectly influence the sex ratio, they must act at or before the time 
of conception, since in mammals sex undoubtedly is irrevocably deter- 
mined by the time that the ova are fertilized. It has seemed advisable 
therefore to arrange all series of data used in this paper not according 
to the time when birth took place, but according to the time of con- 
ception as nearly as this time could be determined from the data avail- 
able. The length of the gestation period varies more or less in all mam- 
mals, and in arranging data in this way errors are bound to occur, since 
in very few cases is the exact time of conception known. In the Nor- 
way rat birth takes place, as a rule, 21,5 — 22 days after conception 
(Long and Evans, ’22), although the gestation period can be greatly 
prolonged if the mother is suckling another litter (King, *13). The 
time of conception for all rats has been assumed to have occurred 
22 days prior to birth. As the gestation period is so short, conception 
and parturition frequently take place in the same month and usually 
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in the same season of the year, as is the case in the mouse which has 
a gestation period of the same length as that in the rat. Where the gesta- 
tion period is much longer, as in the pig, dog and man, conception and 
birth occur in different seasons of the year, thus offering a greater 
opportunity for many factors to act during gestation that may tend 
to influence the number of young bom and the ‘secondary’ sex ratio 
as well. 

1. Seasonal variations in litter production and litter size. 

The word ‘fertility’, as used in this paper, denotes the reproductive 
capacity of females as shown by the number of litters or of offspring 
produced. There are many fafctors that influence fertility in mammals. 
As Darwin has shown, captivity, changes in nutrition and hybridization 
all produce marked changes in the number of offspring bom. To these 
may be added the age of the mother for, has Duncan ('96) has stated, 
“fecundity may be described as forming a wave which, starting from 
sterility, rises somewhat rapidly to its highest point, and then gradually 
falls again to sterility”. In the rat, fertility in albino, piebald and 
‘extracted’ females increases with the age of the mother up to the time 
that the females are seven to eight months old when the height of re- 
productive capacity is reached and the females have produced about 
half of their total number of offspring. There is then a gradual decline, 
both in the frequency and in the size of the litters cast, until the meno- 
pause. Maximum fertility in gray Norways kept in captivity comes 
when the females are about a year old. 

The largest series of data for the rat given in this paper is that for 
inbred Albinos. These data cover the litter records for fifty gene- 
rations, and were obtained during the years 1909 — 1925. All individuals 
recorded were bom to females that were the offspring of sibs from the 
same litter. A detailed analysis of the findings in only the first twenty - 
five generations of these inbred rats has been published (Kino, ’18, a, 
b, c; ’19). As this experiment was conducted, each female selected 
for breeding was mated but four times. The data given, therefore, do 
not cover the entire reproductive life of the females, as do those for other 
Norways. According to Crampe (’84), albino females, as a rule, do not 
cast more than four or five litters, though this is much below the average 
for several series of Albinos in my colony. The data given probably 
include the entire litter output of a great many of the females, however, 
and therefore are suitable for this study. 

The data for inbred albinos, comprising 8,931 litters containing 
65,724 individuals, are given in table 1. They will be discussed later. 

Data for outbred Albinos were obtained from various series of these 
rats that were bred during the past ten years, either as controls for ex- 


Digitized by t^.ooQLe 


of mammals, with special reference to the rat. 


65 


Table 1. Showing litter production and the sex ratio in inbred albino rats. Data 
arranged according to the month and season when conception occurred. 


Month of 
conception 

Number 

litters 

Number 

individuals 

Av. no. 
young per 
litter 

Males 

Females 

No. males to 
100 females 

January . . 

815 

5884 

7,2 

2958 

2926 

101,09 ± 1,86 

February . 

709 

5236 

7,4 

2654 

2582 

102,79 =t 1,91 

March . . . 

858 

6376 

7,4 

3170 

3206 

98,88 ± 1,66 

April . . . 

866 

6588 

7,6 

3327 

3261 

102,02 dr 1,84 

May. . . . 

766 

5737 

7,5 

2845 

2892 

98,37 ± 1,75 

June . . . 

734 

5621 

7,5 

2742 

2779 

98,67 ± 1,78 

July. . . . 

764 

1 5533 

7,2 

2752 

2781 

98,99 ± 1,78 

August. . . 

741 

5422 

7,3 

2761 

2661 

103,76 ± 1,89 

September . 

752 

5482 

7,3 

2769 

2713 

102,06 ± 1,85 

October . . 

585 

4380 

7,6 

2146 

2234 

96,06 ± 1,96 

November . 

653 

4683 

7,2 

2309 

2374 

97,26 ± 1,91 

December . 

688 

4882 

7,1 

2458 

2424 

101,40 ± 1,96 


8931 

65724 | 

7,4 

32891 

| 32833 

100,18 ± 0,53 


Summary of data by seasons. 


Season of 
conception 

Number 

litters 

Number 

individuals 

Av. no. 
young per 
litter 

Males 

Females 

No. males to 
100 females 

Spring 
(Mar.— May) 

2490 

18701 

7,5 

9342 

9359 

99,82 ±0,98 

Summer j 

(June — Aug.) 

2239 

16476 

7,4 

8255 

8221 

100,41 dr 1,05 

Autumn 
(Sept.— Nov.) 

1 

1990 

14545 

7,3 

7224 

7321 

98,69 dr 1,10 

Winter 
(Dec. — Feb.) 

2212 

16002 

7,2 

8070 

7932 

101,74 dr 1,08 


periments in progress or for a study of the effect of the age of the mother 
or her young. Breeding animals were taken from the large colony of 
‘stock’ Albinos maintained at The Wistar Institute for research pur- 
poses. These data, comprising 3,276 litters containing 20,515 indivi- 
duals, are shown in table 2, 

The gray rat has not been used as extensively for experimental 
purposes as has the Albino, chiefly because it is more difficult to handle. 
Its rate of growth, body structure and the normal weight of various 
organs have been determined, however, and are available for compar- 
ison with similar data from other Norways (Donaldson, ’24; King, 
’23). A large colony of these rats has been maintained at The Wistar 
Institute since 1918, and the animals have become so far domesticated 
that they are relatively very tame as compared to wild Grays. Data 
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Table 2. Showing litter production and the sex ratio in outbred albino rats. 
Data arranged according to the month and season when conception occurred. 


Month of 
conception 

Number 

litters 

Number 

individuals 

Av. no. 
young per 
litter 

Males 

Females 

No. males to 
100 females 

January . . 

245 

1529 

6,2 

770 

759 

101,45 zb 3,98 

February 

241 

1 454 

6,0 

705 

749 

94,12 ± 3,32 

March . . . 

259 

1602 

6,2 

810 

792 

102,27 ± 3,44 

April . . . 

306 

1911 

6,2 

975 

936 

104,17 ±3,21 

May. . . . 

303 

1 886 

6,2 

917 

969 

94,63 zb 2,94 

June . . . 

294 

1 849 

6,3 

952 

897 

106,13 zb 3,32 

July .... 

311 

1940 

6,2 

979 

961 

101,87 zb 3,12 

August . . . 

277 

1 755 

6,3 

849 

906 

93,71 ± 3,02 

September . 

303 

1934 

6,4 

926 

1008 

91,86 ± 2,7 2 

October . . 

261 

1648 

6,3 

842 

806 

104,47 db 3,46 

November . 

232 

1446 

6,2 

737 

709 

103,95 zb 3,67 

December . 

244 

1561 

6,4 

794 

767 

103,52 zb 3,53 


3 276 | 

| 20 515 , 

6,3 

10 256 

10 259 

99,98 zb 0,94 


Summary of data by seasons. 


Season of 
conception 

Number 

litters 

Number 

individuals 

Av. no. 
young per 
litter 

Males 

Females 

No. males to 
100 females 

Spring 
(Mar.— May) 

868 

5 399 

« 

2 702 | 

2 697 

100,19 ± 1,86 

Summer 
(June— Aug.) 

882 

5544 

6,3 

2 780 

2 764 

100,58 ± 1,81 

Autumn 
(Sept.— Nov.) 

796 

5 028 

1 

6,3 

2 505 

2 523 

99,29 ± 1,89 

Winter 
(Dec. — Feb.) 

730 

4 544 

6,2 

2 269 

2 275 

99,73 ± 1,99 


for 2401 litters containing 14829 individuals comprised in twelve 
generations of Grays, bom and reared in captivity, are given in table 3. 

In table 4, data for the litter output in several generations of piebald 
rats that originated in the F 2 generation of a cross between wild gray 
males and stock albino females have been combined with data for a 
series of Fi and F 2 hybrids between Grays and Albinos. This combi- 
nation of data seemed justified, since both series showed the effect of 
hybridization on the sex ratio. Moreover, the data in each group were 
about equal in number and showed no great monthly or seasonal 
differences, either in litter production or in the sex ratio. This series 
of data comprises 1879 litters containing 12641 individuals. 

A comparison of the data in tables 1 to 4 shows that maximum 
fertility of breeding females, as expressed by the number of litters 
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Table 3. Showing litter production and the sex ratio in gray rats. Data arranged 
according to the month and season when conception occurred. 


Month of 

Number 

Number 

Av. no. 

Males 

Females 

No. males to 

conception 

litters 

individuals 

young per 
litter 

100 females 

January . . 

201 

1227 

6,1 

620 

607 

102,14 ± 3,93 

February . 

206 

1283 

6,2 

625 

658 

94,98 ± 3,69 

March . . . 

201 

1255 

6,2 

625 

630 

99421 ± 3,77 

April . . . 

239 

1538 

6,4 

782 

756 

103,44 ± 3,55 

May. . . . 

236 

1463 

6,2 

751 

712 

105,48 ± 3,70 

June . . . 

208 

1247 

6,0 

620 

627 

98,88 ± 3,77 

July .... 

237 

1376 

6,8 

703 

673 

104,46 ± 3,79 

August. . . 

245 

1527 

6,2 

757 

770 

98,31 ± 3,38 

September . 

206 

1276 

6,2 

625 

651 

96,01 ± 3,62 

October . . 

136 

877 

6,3 

443 

434 

102,07 ± 4,65 

November . 

115 

707 

6,1 

336 

371 

90,67 ± 4,61 

December . 

171 

1053 

6,2 

497 

556 

89,39 ± 3,72 

! 

2 401 

14 829 

6,2 

| 7 384 

! 7445 

| 99,18 ±1,09 



Summary of data by seasons. 


Season of 

Number 

Number 

Av. no. 

Males 

Females 

No. males to 

conception 

litters 

Individuals 

young per 
litter 

100 females 

Spring 
(Mar.— May) 

676 

4 256 

6,3 

2158 

2 098 

102,86 ± 2,12 

Summer 
(June — Aug.) 
Autumn 

690 

4140 

6,0 

2 080 

2 070 

100,48 ± 2,21 

(Sept.— Nov.) 

457 

2 860 

6,2 

1404 

1456 

96,43 ± 2,41 

Winter 
(Deo. — Feb.) 

578 

3 563 

6,2 

1742 

1821 

96,14 ± 2,17 


cast, does not come in the same month of the year in all Norways even 
when the animals are kept under the same conditions of environment 
and of nutrition. In inbred Albinos breeding seemingly reaches its 
highest point in April, while in outbred Albinos this maximum is in 
July; August is the best month for conceptions in the Grays, and Fe- 
bruary for the hybrid and piebald group. October and November are 
the months when sexual activity is at its lowest point in all races of 
Norways studied. 

The monthly variations in litter production, shown in tables 1 to 4, 
offers no support whatever to the view, advanoed some years ago by 
Kino and Stotsenbtjbg (’15), that there is a biannual cycle in fertility 
in the rat, with high points in the spring and in the autumn. This much 
larger series of data for various races of Norways indicates that there is 

5 * 


J 


Digitized by t^.ooQLe 


68 


H. D. King: Seasonal variations in fertility and in the sex ratio 


Table 4. Showing litter production and the sex ratio in hybrid and piebald rats. 
Data arranged according to the month and season when conception occurred. 


Month of 
conception 

Number 

litters 

Number 

individuals 

Av. no. 
young per 
litter 

Males 

Females 

No. males to 
100 females 

January . . 

159 

1 107 

6,9 

591 

516 

114,57 ±4,64 

February . 

182 

1240 

6,8 

635 

605 

104,95 ± 4,01 

March . . . 

174 

1 140 

6,5 

542 

598 

90,64 ± 3,63 

April . . . 

176 

1213 

6,9 

644 

569 

113,18 ± 4,38 

May. . . . 

181 

1230 

6,8 

652 

578 

112,80 ±4,30 

June . . . 

179 

1215 

6,8 

630 

585 

107,69 ± 4,16 

July. . . . 

153 

976 

6,4 

488 

488 

100,00 ± 4,32 

August . . 

159 

1097 

6,9 

576 

521 

110,56 ±4,50 

September . 

146 

959 

6,6 

474 

485 

97,73 ± 4,25 

October . . 

105 

687 

6,5 

330 

357 

92,16 ± 4,74 

November . 

133 

890 

6,7 

438 

452 

96,90 ± 4,38 

December . 

132 

887 

6,7 

452 

435 

103,91 ± 4,70 


1879 

| 12 641 

| ' 6,7 

| 6 452 

| 6 189 

| 104,25 ± 1,25 



Summary of data by seasons. 



Season of 
conception 

Numbers 

litters 

Number 

individuals 

Av. nov. 
young per 
litter 

Males 

Females 

No. males to 
100 females 

Spring 
(Mar. — May) 

531 

3 583 

6,8 

1 838 

1 745 

105,33 ± 2,37 

Summer 
(June — Aug.) 

Autumn 

491 

3 288 

6,7 

1 694 

1594 

106,27 ± 2,49 

(Sept.— Nov.) 

384 

2 536 

6,6 

1 242 

1294 

95,98 ± 2,56 

Winter 
(Dec. — Feb.) 

473 

3 234 

6,8 

1 678 

1556 

107,84 ± 2,56 


but one pronounced sexual cycle during the year, with its highest point 
in the early part of the year and its lowest point in the autumn. The 
drop in the number of litters from the month of maximum to that of 
minimum breeding represents a loss of from 24,1 per cent (outbred 
Albinos) to 53,0 per cent (Grays). 

When the monthly data for litter production (tables 1 — 4) are com- 
bined in four groups representing the four seasons into which we, in 
this part of the United States, are wont to divide the year, it is found 
that the maximum and minimum periods of litter production occur 
in opposite seasons of the year in three of the four series of data; in 
Grays the maximum in summer is followed by the minimum in autumn. 
These differences, it must be borne in mind, occur in al aboratorv mam- 
mal allowed to breed freely at any season of the year and maintained 
under uniform and favorable conditions of nutrition and of environment. 
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The data given in tables 1 to 4 have been combined in table 5. This 
table naturally shows the influence of the preponderance of data for the 
inbred Albinos, which comprise over half of the total of 16487 litters. 
The conclusions to be drawn from this great number of data regarding 
seasonal variations in litter production, however, are doubtless those 
that would be drawn from an examination of the data in any one of the 
first four tables. 


Table 5. Showing litter production and the sex ratio in all series of rats. 
Summary of data in tables 1 — 4. 


Month of 
conception 

Number 

Utters 

Number 

individuals 

Av. no. 
young per 
litter 

Males 

Females 

No. males to 
100 females 

January . . 

1420 

9747 

6,86 

4939 

4808 

102,72 ±1,39 

February . 

1338 

9213 

6,88 

4619 

4594 

100,56 ±1,41 

March . . . 

1492 

10373 

6,95 

5147 

5226 

98,49±1,31 

April . . . 

1587 

11250 

7,09 

5728 

5522 

103, 73± 1,32 

May .... 

1486 

10316 

6,94 

5165 

5151 

100,27 ±1,33 

June . . . 

1415 

9832 

6,95 

4944 

4888 

101, 15± 1,36 

July . . . 

1465 

9825 

6,70 

4922 

4903 

100, 39 ±1,37 

August . . 

1422 

9801 

6,89 

4943 

4858 

101,75±1,38 

September . 

1407 

9651 

6,86 

4794 

4857 

98,70 ±1,36 

October . . 

1087 

7592 

6,98 

3761 

3831 

98,07 ±1,51 

November . 

1133 

7726 i 

6,82 

3820 

3906 

97,79 ±1,49 

Deoember . j 

1235 

8383 1 

6,78 

4201 

4182 

101,45 ±1,49 


16487 

113709 

~ 6^89 

56983 

56726 

100,45 ±0,40 


Summary of data by seasons 


Season of 
conception 

Number 

litters 

Number 

individuals 

Av. no. 
young per 
litter 

Males 

Females 

No. males to 
100 females 

Spring 
(Mar.— May) 

4565 

1 

31939 

6,99 

16040 

15899 

100,89 ±0,76 

Summer 
(June — Aug.) 

, i 

4302 

1 

29458 

6,85 

14809 

14649 

101,09 ±0,83 

Autumn ! 

(Sept— Nov.) ' 

3627 

24969 

6,88 

12375 

12594 

98,26 ±0,84 

Winter 
(Deo. — Feb.) 

3993 

27343 

6,85 

13759 

13584 | 

101,29 ±0,83 


A ‘conception curve* for the rat, based on data for litter production 
as shown in table 5, is given in chart 1. 

The trend of the graph in chart 1 is upward during the early part 
of the year to its highest point in April. It then falls gradually, with 
relatively slight fluctuations, until September and subsequently drops 
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to its lowest point in October. After this the rise is gradual again to its 
spring maximum. This graph shows clearly the yearly cycle in fertility 
that is indicated in the separate data for each* race of Norways (ta- 
bles 1—4). 

In table 5 spring conceptions comprise 27,69 per cent of the yearly 
total, while autumn conceptions form but 22,0 per cent. The difference 
of 938 between the litters of spring and those of autumn represent 
5,67 per cent of the total litter output for the year and a drop of 20,55 per 
cent in litter production. Such a difference is undoubtedly statistically 
important, even though not accompanied by a probable error. The fact 



Chart 1. Graph showing monthly variations in litter production in the Norway rat (data in table 5). 

that in each of the four series of data there is a very marked difference 
in litter production between the seasons of maximum and of minimum 
breeding adds considerably to the value of the difference shown in table 5, 
especially since the environmental conditions under which the animals 
were maintained eliminated many factors which are known to influence 
fertility in the rat. 

From the results of the foregoing analysis of data it is evident that 
the Norway rat has retained traces of its primitive breeding season 
in the spring, although favorable conditions in captivity, which have 
brought abundant food and security from enemies, have tended to 
induce sexual activity at all seasons of the year. 

The rat responds readily, and in many ways, to the changed con- 
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ditions of environment and of nutrition which captivity have brought, 
as is shown by the behavior of the gray Norways now under dome- 
stication in my colony. In no respect has this response been more 
evident than in their reproductive activity. In the first two or three 
generations, few females cast litters before they were seven or eight 
months of age, and many of them did not breed until they were a year 
old. During this time breeding took place chiefly in the spring or summer, 
very few litters were cast in autumn or winter. In later generations 
the females tended to breed at an earlier age and the breeding seasons 
was much less restricted. At present many gray rats of the fifteenth gene- 
ration are breeding at four or five months of age and litters are being 
cast more uniformly throughout the year. 

Seasonal differences in fertility are much more marked in gray 
Norways that have been in captivity but a short time than in other Nor- 
ways. The data for these rats (table 3) indicates that 50,9 per cent more 
litters were conceived in the season of maximum than in that of mini- 
mum breeding. This difference is over twice as great as that in Albinos 
(21,1 per cent) — animals that have been under domestication for at 
least a hundred years. The gray rat, however, has been associated with 
man for a long period of time. This association has furnished it with 
a more abundant food supply, and has evidently influenced its repro- 
ductive activity, since wild Grays are known to breed throughout the 
year. Spring and summer, according to Lantz (’10), being their chief 
breeding seasons. 

The size of the litters cast furnishes another means of measuring 
fertility in the rat. In judging the value of variations found in litter 
size at different periods of the year caution is necessary, since not only 
do many factors act during gestation that produce a considerable 
amount of prenatal mortality, but there are individual peculiarities 
of the females that seem to play an important r61e in determining the 
number of young bom in a given litter. Sisters from the same litter, kept 
under the same environmental conditions and mated to the same male, 
often show marked differences in the size, as well as in the frequency, 
of the litters that they cast. Some females never have more than five 
or six young at one birth ; others cast a large and a small litter alternately. 
Exceptional females may cast large litters until near the close of the 
reproductive period (e. g. King, *16; p. 280). 

The average size of 1089 litters cast by young stock albino females 
in our colony during a period of three years was 7,0 (King and Stotsen- 
bubg, ’15). Other determinations of litter size in the albino rat vary 
from 5,6 to 8,5 young per litter (Crampe, ’84; Cu£not, ’99; Slonaker, 
and Card, ’23a; Long and Evans, ’22). The mean, in general, for 
this race of Norways is around 7,0. Very few determinations have been 
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made for gray Norways, and all of these have been based on the findings 
in a very small number of litters. Crampe (’84) found an average of 
10,4 young in fourteen litters of Grays; Miller’s (’ll) data give 10,5 
young as the average; while Lantz (’10) states that the average number 
of fetuses in a large number of gravid females killed in India was 8,1. 
The only data for litter size in hybrid rats are those of Crampe, who 
obtained an average of 6,0 young in 398 litters. None of these data 
cover the reproductive life of the breeding females. 

The data in tables 1 to 4 show that the average size for the total 
number of litters cast tends to vary somewhat in different races of 
Norways, although the range of variation is not great. The highest 
average (7,4), found in the inbred Albinos, is not due to inbreeding 
per se, but is undoubtedly to be attributed to the fact that only the first 
four litters of the breeding females were recorded and these litters tend 
to be the largest of the series cast. In the hybrids and piebalds the aver- 


, Lifter size 



Jan. Feb. March April May June July Aug. Sept. Oct Nov. Dec 

Month of conception 

Chart 2. Graphs showing the monthly trend in average litter size in various mammals (data in 
tables 5, 8, 9; and in DlGHTON, ’22). 


age for all litters is 6,7 (table 4). Hybridization is known to raise the 
sex ratio in the rat (King, ’ll), and it might be expected to increase 
the size of the litters also, since ‘hybrid vigor’ enhances the growth 
of the animals, renders them more resistant to the rat scourge ‘pneu- 
monia’, and lengthens their span of life. The average size of the litters 
cast is practically the same in outbred Albinos and in Grays (6,2), 

The range of variation in the monthly averages for litter size in any 
of the first four tables is extremely small. There seems to be a slight 
tendency for litters conceived in the spring months, especially in April, 
to be somewhat larger than those conceived in other months of the 
year, and for litter size to decrease towards the latter part of the year. 
In no case, however, is the average size of the litters more than 0,1 
greater than the average for some other month of the year, nor is the 
lowest average more than 0,5 below the mean for the series. When the 
data in tables 1 to 4 are combined by seasons, variations in litter size 
are found to be insignificant. 

Combined data for all rats (table 5) give 6,89 as the average size of 
the 16,487 litters. In this table all monthly averages are remarkably 
close to the mean for the entire series, none of them differ by more than 
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0,2. The highest average (7.09) is that for April conceptions; the lowest 
(6,70) for conceptions in July. The difference of 0,39 cannot be deemed 
significant. There is likewise no variation in the average size of the litters 
conceived in the different seasons of the year that is great enough to 
have statistical value. 

A graph showing the monthly trend in litter size, constructed from 
the data in table 5, is shown in chart 2. 

Since the graph for the rat, shown in chart 2, is practically a straight 
line, it indicates that there is no significant variation in the average 
size of the litters conceived in different months of the year. 

Although the season of the year in which conception occurs has been 
shown to have considerable influence of the number on litters produced, 
it apparently has little, if any, influence on the average size of the litters. 
Litter size, as shown by these various series of data, is far more constant 
than any other litter characters that have been studied, such as the birth 
weight of the individuals and the sex ratio. 

Since seasonal changes occur in reverse order in the two halves of 
the year, it may be of interest to compare litter production and litter 
size during the first six months of the year with those in the remainder 
of the year. In table 6 data for the various races of rats, as well as those 
for other mammals used for this study, have been grouped by semi- 
yearly periods. 

A comparison of the various data for the rat, as given in table 6, 
shows that in each race more litters were conceived during the first 
half of the year than during the second half. From January until July 
a total of 989, or 12,76 per cent, more litters were conceived than from 
July until the end of the year. In all cases, except in the outbred Albinos, 
the average size of the litters conceived in the first period slightly 
exceeds that of the litters produced in the second period, but the excess 
for the combined data is only 0,12. 

It appears, from this form of analysis of the data, that in spite of 
the uniformity in environmental and in nutritive conditions under 
which the breeding animals were maintained at all times, sexual activ- 
ity in the Norway rat still has its maximum in that portion of the year 
which, under natural conditions, is most advantageous for the care and 
maintenance of the young. For wild animals having a short gestation 
period, conditions for rearing the young are steadily improving as the 
season changes from winter to summer. Food is becoming more plenti- 
ful, and the temperature more favorable. In the second part of the 
year, conditions constantly become less propitious for suckling mothers 
and for growing young. Food becomes more difficult to obtain and the 
animals suffer from inadequate protection against intense cold. The 
xigors of our northern winters are a severe tax on the strength and the 
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Table 6. Showing litter production and the sex ratio in varioui 


First Period (January— June) 



Animal 

Number 

litters 

Number 

individuals 

Av. no. 
young per 
litter 

Males 

Females 

No. males to 
100 females 


Inbred 

Albinos 

4748 

35 342 

7,44 

17 696 

17 646 

100,28 ±0,7i 


Outbred 

Albinos 

1648 

10 231 

6,20 

5 129 

5 102 

100,53 ± 1,31 

PS 

Grays . . 

1291 

8 013 

6,20 

4 023 

3 990 

100,83 ± 1,5'i 


Hybrids 

and 

Piebalds 

1051 

7 145 

6,79 

3 694 

3 451 

107,04 ± 1,7( 



8738 

60 731 

6,95 

30542 

30 189 

101,17 ±0,55 

Mouse .... 

174 

1024 

5,88 

514 

510 

100,78 ±4,24 

Pig 


199 

1921 

9,65 

960 

961 

99,89 ±3,07 

Greyhound . . 


18 791 


10 054 

8 737 

115,07 ± 1,13 


reserve force of many animals, and must necessarily influence their 
reproductive activity. It is only under favorable climatic conditions, 
or in captivity where shelter and sufficient food are provided, that 
they can breed and rear their young at all seasons of the year. 

The Grays and the Albinos represent the extreme color varieties, 
as well as the wildest and the most domesticated, of the Norway rats. 
A comparison of the data for these rats, as given in tables 2 and 3, shows 
a remarkable similarity in the trend of seasonal variations in litter 
production, in the average size of the litters, and in the sex ratios. In 
both races more litters were conceived in summer than in any other 
season of the year, and there is a difference of only 0,1 in the average 
size of the litters produced. The difference of 0,80 between the sex 
ratios is negligible. A combination of the data for these two races raav 
serve, perhaps, to give standards for litter size and for the sex ratio in 
the Norway rat which can be used for comparison with data from other 
series of Norways comprising the entire litter output of a number of 
breeding females. They will not be useful for comparison with data 
obtained by a ‘random sampling’ of the population in a rat colony 
where only young females are used for breeding, for reasons already 
stated. The combined data for these two races of Norw’ays are given in 
table 7. 

The average size of the 5,677 litters forming the entire series in table / 
is 6,2. This is a relatively low average, when compared with that usually 
give nas the ‘norm’ for the albino and for other Norway rats, but it 
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Second Period (July— December) 


jmbcr litters 

Number 

individuals 

Av. no. 1 
young per 
litter 

Males 

Females 

No. males to 

100 females 

4183 

30382 

7,26 

16 195 

15 187 

100,05 ± 0,83 

1628 

10284 

6,31 

5 127 

5157 

99,42 ±1,32 

1110 

6 816 

6,14 

3 361 

3 455 

97,28 ± 1,58 

828 | 

6496 

6,64 

2 758 

2 738 

100,73 ± 1,82 

7749 

52 978 

6,83 

26 441 

26 537 

99,64 ± 0,68 

129 

838 

6,57 

454 

394 

115,23 ± 5,34 

163 

1543 

9,46 

749 

794 

94,33 ± 3,24 


6583 


3 562 

3 021 | 

| 114,59 ±1,91 


more nearly represent the size of the litters one may expect to obtain 
when all litters cast by a series of females are recorded, and the still- 
born young included. 

The sex ratio for the series (99,64 (J; 100 $) is as near the 1 : 1 ratio 
as one could expect to obtain in a large series of data from any animal. 
The variation of this ratio from the norm as usually given for Norway 
rats, and a possible interpretation of its meaning, is reserved for the 
second section of this paper. 

The extensive literature on the rat contains few references to seasonal 
variations in litter production and in the sex ratio. According to Hanson 
and Sholes (’24) litter size in the albino rat is not affected by season. 
The average size of the litters, comprising 664 rats, varied from 5,97 
in spring to 6,54 in winter. The difference of 0,57 dt 0,41, which is 
much greater than that found for any rats used in this study, is not 
deemed statistically important. 

Feldman (’25), in a study of fertility in the yellow race of Nor- 
ways, found that the greatest number of litters (207) was cast in June 
(May conceptions), and that there was a rapid decline in fertility in the 
succeeding months until November when only 41 litters were bom. His 
data show very pronounced monthly variations in the average size of 
the litters cast. Litters bom before June showed a fluctuation of between 
6,3 and 6,5 young per litter. The maximum (7,3) came for the litters 
bom in June, and was followed by a steady decline to the low point 
(5,2) in October. After this time the size of the litters tended to in- 
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Table 7. Combination of data for litter production and for the sex ratio in 
out bred Albinos and Grays as given in tables 2 — 3. 


Month of 
conception 

Number 

litters 

Number 

individuals 

Aver. no. 
young per 
litter 

Males 

Females 

No. males to 
100 females 

January . . 

446 

2 756 

6,2 

1390 

1366 

101,76 dt 2,61 

F ebruary . 

447 

2 737 

6,1 

1330 

1 407 

94,53 ± 2,44 

March . . . 

460 

2 857 

6,2 

1435 

1422 

100,91 ±2,54 

April . . . 

546 

3 449 

6,3 

1757 

1 692 

103,85 ± 2,38 

May . . . 

539 

3 349 

6,2 

1 668 

1 681 

99,23 ±2^9 

June . . . 

502 

3 096 

6,2 

1 572 

1 524 

103,15 ±2,49 

July . . . 

548 

3 316 

6,0 

1 682 

1634 

102,94 ±2,41 

August . . 

522 

3 282 

6,3 

1 606 

1676 

95,82 ± 2,24 

September . 

509 

3 210 

6,3 

1551 

1659 

93,49 ± 2,22 

October . . 

397 

2 525 

6,4 

1285 

1240 

103,63 ±2,77 

November . 

347 

2 153 

6,2 

1073 

1080 

99,35 ± 2,89 

December . 

415 

2 614 

6,3 

1291 

1323 

97,58 ±2,57 


5 677 

| 35 344 

6,2 

17 640 

17 704 

99,64 ±0,71 



Summary of data by seasons. 



8eason of 
conception 

Number 

litters 

Number 

individuals 

Aver. no. 
young per 
litter 

Males 

Females 

No. males to 
100 females 

Spring 
(Mar. — May) 

1544 

9 655 

6,3 

4 860 

4 795 

101,36 ± 1,38 

Summer 
(June— Aug.) 

1 572 

9 694 

6,2 

4 860 

4 834 

100,54 ± 1,37 

Autumn 
(Sept.- Nov.) 

Winter 

1253 

7 888 

6,3 

3 909 

3 979 

98,22 ± 1,48 

(Dec.-Feb.) 

1308 

8 107 

6,2 

4011 

4 096 

97,92 ± 1,45 


crease. It seems probable that some factor other than season must have 
induced these great variations in litter production and in litter size, 
although Feldman attributes them to the “devitalizing effect of high 
temperature and of high humidity in July and August which did not 
manifest itself until October”. 

Summer seems to favor the production of large litters in the guinea- 
pig. The chief factors involved, according to Minot (’91), are complex 
nervous effects, not nutrition. Wright (’22) offers no explanation 
for the increase other than to state that, “variations in environmental 
conditions have a marked influence on size of litter”. 

The only other data for any rodent that I have found suitable for 
analysis regarding the possible effect of seasonal changes on litter pro- 
duction and on litter size are those for the mouse, as given by Parkes 
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Table 8. Showing litter production and the sex ratio in the mouse. Data (Par- 
ses, ’26b) arranged according to the month and season when conception occurred. 


Month of 
conception 

Number 

litters 

Number 

indivi- 

duals 

Av. no. 
young 
per 
litter 

Males 

Females 

No. males to 

100 females 

Month 
of birth 

January . 

20 

129 

6,45 

64 

65 

96,91 ±11,50 

February 

February . 

12 

68 

5,66 

37 

31 

119,35± 19,38 

March 

March . . 

34 

183 

5,39 

89 

94 

94,68 ± 9,44 

April 

April . . . 

41 

252 

6,15 

120 

132 

90,90 ± 7,72 

May 

May . . . 

16 

94 

5,88 

46 

48 

95,83 ±13,26 

June 

June . . . 

51 

298 

5,84 

158 

140 

112,86± 8,83 

July 

July . . . 

27 

161 

5,96 

86 

75 

114,66 ±12,10 

August 

August . . 

40 

290 

7,26 

147 

143 

102,79 ± 8,14 

September 

September. 

16 

102 

6,38 

52 

50 i 

104,00± 13,88 

October 

October. . 

14 

84 

6,00 

45 

39 

115,38± 16,99 

November 

November . 

22 

150 

6,82 

91 

59 

154,24 ±17,22 

December 

December . 

1 10 

61 

6,10 

33 

28 

117,86± 20,42 

January 

303 

1872 

6,18 j 

968 

904 

107,08 ± 3,34 



Summary of data by seasons. 


Season of 
conception 

Number 

litters 

Number 

indivi- 

duals 

Av. no. 
young 
per 
litter 

Males 

1 

Females 

No. males to 

100 females 

Season 
of birth 

Spring 
(Mar.- May) 

91 

529 

5,81 

255 

274 

93,06 ±5,46 

Apr. — June 

Summer 

(June-Aug.) 

118 

749 

6,35 

391 

358 

109,22±5,40- 

July— Sept. 

Autumn 

(Sept.-Nov.) 

52 

336 

6,46 

188 

148 

127,03 ±9,40 

Oct. — Deo. 

Winter 
(Dec. -Feb.) 

42 

258 

6,14 

134 

124 

108,06 ±9,09 

Jan. -March 


(’26b). The data in Parkes’ tables 4 and 5, rearranged in accordance 
with the manner in which my own data for the rat are presented, are 
shown in table 8. Conception of the litters is assumed to have occurred 
in the month proceeding birth. 

No statement is made by Parkes as to whether stillborn young were 
included in his data, nor is any reference made to the portion of the re- 
productive life of the females covered by the records. Presumably 
the data are for litters cast by relatively young females, since they came 
from a stock colony maintained for experimental work. 

The mouse, as the rat, breeds at all months of the year if environ- 
mental conditions are favorable, as Parkes’ data in table 8 show. Month - 



Digitized by t^ooQle 


78 H. D. King: Seasonal variations in fertility and in the sex ratio 

ly variations in litter production are considerable, ranging from 51 in 
June to 10 in December. The combination of data by seasons shows 
that summer is the time of maximum fertility and winter the season 
of minimum fertility in the albino mouse, as in the albino rat (table 2). 

As Pakkes states, the monthly averages for litter size in his data 
for the mouse are not very coherent, although they show no very marked 
variations. The highest average (7,26) is that for litters conceived in 
August; the lowest for March conceptions. The difference between 
these averages (1,87) is considerable, but whether it is statistically 
important, considering the small number of litters involved, cannot 
be determined from the data as given. A graph for monthly averages 
in litter size for the mouse is shown in chart 2. The graph runs below 
that for the rat during its entire course except at its high point in August. 

In the mouse, according to Parkes, fertility is higher in the second 
half of the year than in the first half. When his data are arranged by 
semi-yearly periods according to the time of conception, not of birth, 
this statement does not hold true for litter production. As shown in 
table 6, a total of 45, or 34,9 per cent, more litters were conceived in 
the first period of the year than in the second period, but the average 
size of the litters is greater in the second period. 

The difference of 0,65 between the extreme values for litter size in 
the mouse when the data are arranged according to seasons (table 8) 
cannot be very important statistically, and therefore there is little 
reason to suppose that litter size in the mouse is influenced to any marked 
degree by the season of the year in which conception occurs. 

Machens (’15) has given a series of data showing the influence of 
the month of conception on fertility and on the sex ratio of the pig. These 
data, which are for a white race of German swine, were taken from the 
herd books of the Ziichtervereinigung fur das veredelte Landschwein 
im Herzogtum Braunschweig. They are shown in table 9. 

Although the breeding of pigs is often restricted to definite seasons 
of the year to suit the convenience of the owner, this is one of the do- 
mesticated mammals which breeds freely at any season of the year. 
The total of 362 litters comprised in Machens’ data (table 9) are distrib- 
uted fairly uniformly throughout the various months of the year. 
Breeding is at its maximum in April and at its lowest point in November, 
but it is only by the combination of data in seasonal periods that- the 
yearly cycle in fertility is shown. Here the highest number of con- 
ceptions is found to occur in spring and the lowest number in the autumn, 
with summer and winter transitional periods between the extremes 
and containing practically the same number of conceptions. 

Table 9 shows two months in the year (February and November) 
when the average size of the litters is considerably greater than that in 
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any of the other months. From this finding in his data Machens con- 
cluded that fertility in the pig appears to be higher in cold than in 
warm months. The excess in the average size of the litters conceived 
in winter is but 0,72 greater than the average for the summer, and 
therefore cannot be very important statistically. 


Table 9. Showing litter production and the sex ratio in the pig. Data (Machens, 
15) arranged according to the month and season when conception occurred. 


Month of 

No. of 

No. of 

Av. no. 

Males 

Females 

No. males to 

Month of 

conception 

litters 

individuals 

young per 
Utter 

100 females 

birth 

January . . 

35 

343 

9,80 

173 

170 

101,76 ± 7,98 

May 

February . . 

25 

263 

10,52 

118 

145 

81,38 ± 6,80 

June 

March . . . 

37 

344 

9,29 

173 

171 

101,17 ± 7,35 

July 

April .... 

38 

369 

9,71 

189 

180 

105,00 ± 7,37 

August 

May .... 

32 

304 

9,50 

163 

141 

115,60 ±8,96 

September 

June .... 

32 

298 

9,31 

144 

154 

93,51 ± 7,31 

October 

July .... 

29 

257 

8,86 

130 

127 

102,36 ±8,61 

November 

August . . . 

30 

278 

9,27 

122 

156 

78,20 ±6,37 

December 

September . 

24 

229 

9,54 

101 

128 

78,91 ± 7,08 

January 

October. . . 

25 

241 

9,64 

122 

119 

102,62 ± 8,91 

February 

November. . 

23 

236 

10,26 

126 

110 

114,54±10,07 

March 

Ocoember . . 

32 

302 

9,44 

148 

154 

96,10 ± 7,46 

April 


362 

3464 

9,57 

1709 

1755 

97,38 ± 2,22 




Summary of data by 

seasons 


Season of 

No. of 

No. of 

Av. no. 

Males 

Females 

No. males to 

Season of 

conception ’ 

Utters 

individuals 

young per 
Utter 

100 females 

birth 

Spring 

(Mar.-May) 

107 

1017 

9,50 

525 

492 

106,71 ± 4,52 

July-Sept. 

Summer 








(June- Aug.) 

91 

833 

9,15 

396 

437 

90,62 ± 4,23 

Oct.-Dec. 

Autumn 
(Sept. -Nov.) 

Winter 

72 

706 

9,80 

349 

357 

97,76 ± 5,07 

Jan .-Mar. 

(Deo.-Feb.) 

92 

908 

9,87 

439 

469 

93,60 ±4,19 

Apr.-June 


The monthly averages for litter size in the pig are shown graphi- 
cally in chart 2. Aside from the two high points, one near the beginning 
the other near the end, this graph shows no marked variations in its 
course. The lowest point (July) is only slightly beneath the general 
level of the graph. (Considering the probable omissions in the data, and 
the fact that prenatal mortality is common in this mammal, causing 
the loss of about 40 per cent of the ova shed (Hammond, ’14), Machens’ 
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data do not indicate that litter size in the pig depends in any way 
upon the season of conception. 

When arranged in semi-yearly periods, Machens’ data, show that 
conceptions are more numerous and litter size greater in the first part 
of the year than in the second part (table 6). 

From the monthly variations in 464 litters containing 3724 indivi- 
duals, Carmichael and Rice (’20) conclude that the time of year in 
which conception occurs has no noticeable effect on litter size in the 
pig. The variations found, however, are considerably greater than 
those shown by Machens’ data. 

Parkes’ (’26 a) extensive series of litter data for the pig, unfortuna- 
tely, are not presented in a form in which they can be directly compared 
with those of Machens. They show that the average size of the litters 
farrow r ed is almost constant in the four quarters of the year, although 
over half of the births of the year take place in the spring. 

The only other domesticated mammal for w T hich data suitable for 
this study are available is the dog. Heape (’08) and Dighton (’22) 
each give a large series of birth data for the greyhound, taken from kennel 
records. These series of data, combined and rearranged, are shown in 
table 10. 

Heape (’08) states that the best breeding times for the dog are in 
April and in September, but that for sporting reasons the greyhound 
is usually bred early in the year, as the age of the dogs is reckoned from 
January first of the year of birth regardless of the month in which it 
occurs. He also says that there are many omissions in kennel records, 
since all births are not recorded, especially if the litter is abnormal in 
size. The data in table 10, therefore, give no very reliable information 
regarding seasonal fertility in the dog. As they stand they indicate that 
breeding is at its maximum in spring, and that summer and autumn are 
seasons of relatively few conceptions. Heape’s data for the collie show 
a much more uniform distribution of litters throughout the different 
months of the year. The maximum of conceptions in this breed seems 
to come in summer; the minimum in autumn. 

Dighton (’22) has arranged his data to show T the monthly variations 
in the average size of the litters. The highest average (6,65) comes in 
litters conceived in May; the low r est average (5,39) for litters conceived 
in December. The graph showing the monthly averages in litter size 
for this series (chart 2) indicates that in the dog, as in the other mam- 
mals cited, the size of the litter varies but slightly from the mean (5,9) 
at different periods of the year. 

Civilization, with its complex customs, manners and social usages, 
has largely eliminated a definite breeding season in man. Such a breed- 
ing season must have existed, however, in early human ancestors. Man- 
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Table 10. Showing fertility and the sex ratio in the greyhound. Data (Heape, 
08; Dighton, ’22) arranged according to the month and season when conception 

occurred. 


Month of 
conception 

No. of 
individuals 

Males 

Females 

No. males to 

100 females 

Month of 
birth 

January . . 

3313 

1748 

1565 

111,69 zb 2,61 

March 

February . . 

3782 

2018 

1764 

1 14,39 ± 2,50 

April 

March . . . 

4228 

2272 

1956 

116,15 ± 2,40 

May 

April .... 

3373 

1812 

1561 

115,44 zb 2,69 

June 

May .... 

2631 

1418 

1213 

116,90 ± 3,22 

July 

June .... 

1464 

786 

678 

115,93 zb 4,08 

August 

July .... 

698 

375 

323 

116,09 zb 5,93 

September 

August . . . 

409 

216 

193 

111,92 zb 7,47 

October 

September . 

279 

152 

127 

119,68 ± 9,79 

November 

October . . 

187 

100 

87 

114,94 zb 11,45 

December 

November . 

2562 

1413 

1449 

122,98 ± 3,31 

January 

December . . 

2448 

1306 

1142 

114,36 ± 3,12 

February 


25374 

13616 

11758 | 

115,80 zb 0,98 



Summary of data by seasons. 


Season of 
conception 

No. of 
individuals 

Males 

Females 

No. males to 

100 females 

Season of 
birth 

Spring 

(Mar.-May) 

10232 

5502 

4730 

116,32 ± 1,55 

May -July 

Summer 
(June- Aug.) 

2571 

1377 

1194 

115,33 zb 3,06 

Aug.-Oct. 

Autumn 

(Sept-Nov.) 

3028 

1665 

1363 

122,16 zn 2,99 

Nov. -Jan. 

Winter 
(Deo. -Feb.) 

9543 

5072 

4471 

113,44 zb 1,52 

Feb.-April 


like apes, as Westermarck (’21) has shown, have a definite pairing 
time, and in many primitive people, such as certain North American 
Indians, tribes in Hindustan, Esquimaux and Australian aborigines, 
breeding appears to be restricted to a particular season, usually spring. 
Moreover, in many different races of mankind at the present time, there 
seems to be an annual increase in reproductive activity in the spring which 
is generally assumed to be a survival of the primitive mating time. 

There is a wealth of statistical data regarding human births in 
various countries and for many different races of man. Nichols (’07) 
collected a great number of these statistics and pointed out their various 
sources of error. A number of investigators have analyzed birth data 
relative to seasonal variations in fertility and in the sex ratio. Goehlert 

W. Roux’ Archiv f. Entwicklungsmechanik Bd. 112. 6 
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(’88), from a study of birth statistics collected from nearly every country 
in Europe, concludes that the month when conceptions are at the 
maximum point depends chiefly upon the location of the country. The 
farther south the country, the earlier the appearance of the spring and, 
therefore, the earlier the manifestation of the greatest reproductive 
activity. Bonnier’s (’23) data for Sweden show that the highest number 
of conceptions in this country comes regularly in March; the lowest 
number in November. Data for births in Canterbury (1854 — 1873), 
collected by Rigden (’76), indicate that May and September are the 
months of highest and lowest productiveness in England. In South 
America, where the seasons are the reverse of those in the northern 
hemisphere, the maximum number of conceptions comes in September, 
the minimum in May. In Cuba there are apparently two sharply de- 
fined breeding seasons each year; one in the beginning of winter, the 
other in March (Heape, ’09). Other analyses of data bearing on this 
subject might be cited, but those given are sufficient, I think, to show 

Number Jndi vidua is 



Chart 3. Graph showing monthly variations in conceptions in man (data in table 11). 

that in different countries there is a well defined seasonal cycle in re- 
productive activity, with is highest point in spring and its lowest point 
in autumn. 

Through the courtesy of Dr. C. B. Davenport, Director of the 
Eugenics Record Office at Cold Spring Harbor, N. Y., I have obtained 
a unique and valuable series of data particularly suited for a study of 
this kind. These data were taken from the large series of family records 
filed permanently at the Eugenics Record Office. They show the sex 
composition of 1983 American families, each containing four or more 
children of the same mother. These data are as complete as one could 
hope to obtain any series of data for human births, since they were 
given by a member of each family concerned for the purpose of placing 
on record a complete history of family traits. 

Table 11 shows these data, arranged according to the time when 
conception probably occurred, i. e., nine months previous to birth. This 
series of data has, in common with other series of data given, one un- 
avoidable source of error. The gestation period in man varies consider- 
ably under different conditions ; it may be extended to eleven months 
or shortened to seven or eight. To arrange data on the arbitrary assump- 
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Table 11. Showing the sex-composition of 1983 American families each con- 
taining four or more children. Data (from the archives of The Eugenics Record 
Office, Cold Spring Harbor, N. Y.) arranged according to the month and season 
when conception occurred. 


Month of 
conception 

Total of 
individuals 

Males 

Females 

No. males to 

100 females 

Month of 
birth 

January . . 

960 

506 

454 

111,45 zt 4,85 

October 

February . . 

939 

493 

446 

110,54 ± 4,87 

November 

March . . . 

963 

504 

449 

112,25 ±4,91 

December 

April .... 

931 

484 

447 

108,28 ± 4,84 

January 

MAy .... 

927 

488 

439 

111,16 it 4,93 

February 

June . . . . j 

936 

495 

441 

| 1 12,25 zt 4,95 

Maroh 

July . . . . 

920 

493 

427 

115,46 zt 5,15 

April 

August . . . 

928 

452 

476 

94,96 zt 4,19 

May 

September . 

927 

474 

453 

104,64 zt 4,63 

June 

October . . 

945 

505 

440 

! 114,77 ± 5,04 

July 

November . 

1016 

530 

486 

109,05 zt 4,61 

August 

December 

999 

| 504 

| 496 

101,82 ± 4,34 

September 

1 

11381 | 

| 5928 | 

| 5453 | 

108,71 it 1,37 | 


Summary of data by seasons 


Season of 
conception 

Total no. 
individuals 

Males 

Females 

No. males to 

100 females 

Season of 
birth 

Spring 

(Mar.-May) 

2811 

1476 

1335 

110,56 zt 2,81 

Deo.-Feb. 

Summer 
(June- Aug.) 

2784 

1440 

1344 

107,14 ±2,74 

March-May 

Autumn 

(Sept-Nov.) 

2888 

1509 

1379 

109,43 ±2,74 

June- Aug. 

Winter 
(Dec. -Feb.) 

2898 

1503 

1395 

107,74 ±2,69 

Sept.-Nov. 


tion that the gestation period has been of the same length in all cases 
undoubtedly leads to many errors in the distribution of births over the 
various months of the year. These errors tend to balance each other, 
however, so they probably have but little effect on the data as a whole. 

There is comparatively little difference in the number of conceptions 
for the different months shown in table 11. A ‘conception curve’, based 
on these data is shown in chart 3. 

Throughout the early part of its course the graph in chart 3 runs 
at practically the same level. The dip to the low point comes for con- 
ceptions in July. Subsequently there is a gradual rise in the graph until 
the period of maximum reproductive activity is reached in November 

6 * 
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and December. There is no indication whatever in this graph of the 
spring rise in conceptions that is commonly shown by birth statistics 
for man, nor does a combination of the data by seasons show spring 
to be a period when the number of conceptions tends to increase. 

As representative of American stock, in general, I have taken the 
data for human births in the registration area of the United States during 
the years 1915 — 1924 inch, as collected by the United States Census 
(Davis, T7 — ’26). Only living births are included in this series, since 
stillbirths were not recorded by the Census until very recently. These 
data, for over fourteen million births, are shown in table 12. 

The conception data in table 12 indicate a biannual cycle in repro- 
ductive activity. There are two months of the year (June and Novem- 
ber) when the number of conceptions is considerably greater than in 
W\e two months preceding or following. Corresponding low points are 
shown in the data for September and February. 

For an ‘Old World’ stock with which to compare the data for Ameri- 
can stock, I have selected the statistics for births in Prussia during the 
years 1872 — 1881 from the large number of such series of data available. 
These data, as given in Dusing’s (’84) very comprehensive study, are 
divided so that one can compare legitimate with illegitimate births, 
and living with stillborn young. Living births only have been used 
for this study, since they are more comparable with those in table 12. 
The addition of all stillbirths (434 292) to living births does not appre- 
ciably change the relative number of conceptions during the different 
months of the year. 

Dusing’s data for living births in Prussia are shown in table 13. 

Dusing’s comment on the conception data in table 13 is that re- 
productive activity is strongest in June, weakest in September, and that 
the remaining months show T regular transitions between these extremes 
except for the second rise in conceptions which occurs in December. 

There is striking accord between the data in tables 12 and 13. Each 
series shows a well marked biannual cycle in reproductive activity; one 
conception maximum coming in June, the other at the end of the year 
(November — December). In each series there is one conception mini- 
mum in September and another in the early part of the year. The com- 
bination of data by seasons, however, eliminates one, though not the 
same, sexual cycle in each series. 

The monthly trend in productiveness shown in the data from the 
Eugenics Record Office (table 11) does not accord w r ith that in tables 12 
and 13. In the former series only one sexual cycle is indicated (chart 3); 
in each of the latter series there is a biannual cycle. Winch series of 
data more truly represents the yearly changes in reproductive activity 
in man generally cannot be determined. The data from the Eugenics 
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Table 12. Data for human births in the registration area of the United States 
during the years 1915 — 1924 incl. (U. S. Census reports). 


Month of 
conception 

Total no. 
individuals 

Males 

Females 

No. males to 

100 females 

Month of 
birth 

January . . 

1 194,196 

613 122 

581 074 

105,51 ± 0,14 

October 

February . . 

1 112,333 

570 814 

541 519 

105,41 ± 0,14 

November 

March . . . 

1 141,006 

586 464 

554 542 

105,75 ±0,13 

December 

April. . . . 

1 228,820 

632 254 

596 566 

105,98 ± 0,13 

January 

May .... 

1 167,317 

598 508 

568 809 

105,21 ± 0,13 

February 

June .... 

1 274,361 

653 271 

621 090 

105,18 ± 0,12 

March 

July .... 

1 195,256 

614 219 

581 037 

105,71 ± 0,13 

April 

August . . . 

1 212,580 

624 772 

587 808 

106,29 ± 0,13 

May 

September . 

1 174,205 

604 853 

569 352 

106,23 ± 0,13 

June 

October . . 

1232,864 

633 929 

598 935 

105,84 ± 0,13 

July 

November . 

1 252,733 

644 453 

608 280 

105,95 ± 0,13 

August 

December . 

1 221,801 

627 890 

593 911 

105,72 ± 0,13 

September 


14,407,472 |7,404,549 |7, 002, 923 

105,74 ± 0,035 



Summary of data by seasons. 


Season of 

Total no. 



No. males to 

Season of 

conception 

of births 

Males 

Females 

100 females 

birth 

i 

Spring 





1 

(Mar.-May) 

3 537 143 

1 817 226 

1 719 917 

105,66 ± 0,076 

J Dec. — Feb. 

Summer 






(June- Aug.) , 

3 682 197 

1 892 262 

1 789 935 

105,72 ± 0,074 

Mar. — May 

Autumn 






(Sept. -Nov.) 

3 659 802 

1 883 235 

1 776 567 

106,00 ± 0,074 

June— Aug. 

Winter 






(Dec.-Feb.) 

3 528 330 

1811 826 

1 716 504 

105,55 ± 0,075 

Sept. — Nov. 


Record Office, though far more complete than those in the other two 
series, are not extensive enough to afford conclusive evidence that in 
man, as in lower mammals, there is but one yearly sexual cycle, although 
they indicate this strongly. 

On combining the data for man by semi-yearly periods (table 14), 
it is found that the two American series accord in that more conceptions 
occur in the second half of the year than in the first half; the data for 
Prussia show a reverse relation. 

The combination of data for 24 662 029 human births, as given in 
table 14, is influenced by the predominance of conceptions during the 
first part of the year in the Prussian data, therefore conceptions from 
January to July exceed those in the second period by 24 121. Con- 
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Table 13. Human births in Prussia (1872 — 1881 incl.). Data (Dusing, ’84) 
arranged according to the month and season when conception occurred 


Month of 
conception 

Total no. 
individuals 

Males 

Females 

No. males to 

100 females 

Month of 
birth 

January . . 

873 436 

448 398 

425 038 

105,49 ± 0,15 

October 

February . . 

843 202 

432 562 

410 640 

105,34 ± 0,15 

November 

March . . . 

863 156 

443 455 

419 701 

105,66 ± 0,15 

December 

April .... 

898 865 

460 925 

437 940 

105,25 ± 0,15 

January 

May .... 

838 746 

430 501 

408 245 

105,45 ± 0,16 

F ebruary 

June .... 

901 991 

462 084 

439 907 

105,04 ± 0,15 

March 

July . . . . 

838 604 

429 819 

408 785 

105,14 ± 0,16 

April 

August . . . 

832 315 

426 609 

405 706 

105,15 ± 0,16 

May 

September . 

780 171 

401 253 

378 918 

105,89 ± 0,16 

June 

October . . . 

819 460 

421 593 

397 867 

105,96 ± 0,16 

July 

November . 

856 089 

439 643 

416 446 

105,67 ± 0,15 

August 

December. . 

897 141 

459 858 

437 283 

106,16 ±0,15 

September 


| 10 243 176 

5 256 700 

4 986 476 

105,42 ± 0,04 



Sumary of data seasons. 


Season of 
conception 

Total no. 
births 

Males 

Females 

No. males to 

100 females 

Season of 
birth 

Spring 

Mar. -May) 

2 600 767 

1 334 881 

1 265 886 

106,45 ± 0,089 

Dec-Feb. 

Summer 
(June- Aug.) 

2 572 910 

1 318 512 

1 254 398 

105,11 ± 0,088 

Mar. -May 

Autumn 

(Sept.-Nov.) 

2 455 720 

1 262 489 

1 193 231 

105,80 ± 0,091 

June- Aug. 

Winter 

2 613 779 

1 340 818 

1 272 961 

105,33 ± 0,088 

Sept.-Nov. 


sidering the very great number of individuals involved, the difference 
(1,9 per cent) in conceptions in the two periods is not a very significant 
one. 

The foregoing analysis of various series of data indicate that in cer- 
tain lower mammals, and also in man, there is a well defined seasonal 
variation in reproductive activity, as shown by the number of concep- 
tions taking place at different times of the year. In order that a com- 
parison may be made between the findings for the different species of 
mammals, the maximum and minimum periods of conception, by 
month and by season, are shown in table 15. 

Table 15 brings out one point of some interest, namely, that the 
months of maximum and of minimum conceptions vary as much in dif- 
ferent races of rats maintained under fairly uniform conditions of en- 
vironment and of nutrition as in mammals that could not have been 
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bred under conditions as uniform or as favor- 
able. All species, excepting man, have this in 
common: the period of the highest number of 
conceptions comes either in spring or in sum- 
mer; that of the lowest number of conceptions 
in autumn or in winter. 

The three series of data for man show, 
seemingly, hopeless discord, and for reasons 
already stated no conclusions from them seem 2 
justified. Whether this lack of agreement is J< 
due to statistical errors, to a difference in the m 
racial stocks examined, or to differences in 3 
social customs and modes of living it is im- ^ 
possible to decide. That they are not caused ^ 
by country or climate seems evident from the 
fact that the two American series of data show ^ 
directly opposite seasons of maximum and 'g 
minimum conceptions. A seasonal cycle in 
reproductive activity exists in man, without 8 
question, but whether this cycle is anual or ® 
biannual cannot be determined until a larger ^ 
series of fairly complete data is available for § 
analysis. *| 

The data given for various domesticated g 
mammala show clearly that seasonal variati- jg 
ons in litter conception are not correlated 5 
with seasonal variations in litter size. Taking g 
into consideration the incompleteness of some | 
of the series of data, it appears that litter size -a 
does not tend to vary with the season in any of ,0 
the mfl.mma.1a studied. Assuming that in mam- 4§ 
male about the same number of ova are shed p 
at each ovulation period, as Long and Evans 
(’22) state is the case in the rat, it would seen ^ 
that the factors responsible for the heavy fetal 3 
mortality, which are probably largely physiol- ^ 
ogical, tend to act uniformly throughout the 
year, consequently the average size of the litters 
remains practically unchanged. 

It must be either through alterations in 
the food supply or through the rise and fall 
of temperature that the changing seasons 
influence reproductive activity in mammals. 
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Table 15. Showing monthly and seasonal maxima and minima in conceptions 
and in the sex ratios of various mammals. Data in previous tables. E. R. 0., 
Eugenics Record Office data; U. S. C., United States Census data. 



Month 

Season 


Number of 
conceptions 

Sex ratio 

Number of 
conceptions 

Sex ratio 


Maximum 

Minimum 

Highest 

Lowest 

Maximum 

Minimum 

Highest | 

Lowest 

Inbred 

Albinos 

April 

Oct. 

Aug. 

Oct. 

Spring 

Autumn 

Winter 

Autumn 

Outbred 

Albinos 

July 

Nov. 

June 

Sept. 

Summer 

Winter 

1 

Summer 

Autumn 

Grays 

Piebalds 

Aug. 

Nov. 

May 

Dec. 

Summer 

Autumn 

Spring ^ 

Winter 

and 

Hybrids | 

Feb. 

Oct. 

Jan. 

Mar. 

Spring 

Autumn 

Winter 

Autumn 

All rats j 

April 

Oct. 

April j 

Nov. 

Spring 

Autumn 

Winter 

Autumn 

Mouse 

June 

i Dec. 

i 

Nov. 

April 

Summer 

Winter 

Autumn 

Spring 

Pig 

April 

Nov. 

May 

Aug. 

Spring 

Autumn 

Spring 

Summer 

Dog 

March 

| Oct. 

Nov. 

Jan. 

Spring 

Summer| Autumn 

Winter 

Man 









E. R. 0. 

Nov. 

July 

July 

Aug. 

Winter 

Summer 

Spring 

Summer 

U. S. C. 

June 

Feb. 

Aug. 

June 

Summer 

Winter 

Autumn 

' Winter 

Diising 

June 

Sept. 

Oct. 

June 

Winter 

Autumn 

[Autumn 

| Summer 


Nutrition is the factor to which many investigators have ascribed the 
variations in the fertility of mammals occurring at different times of 
the year. This view assumes that the scarcity of food in winter lowers 
the vitality of animals and decreases sexual activity. With the increase 
of available food in the spring there is renewed vitality and hence a 
marked increase in reproduction. Nutrition, however, cannot play 
such an important role in the reproductive activity of laboratory 
mammals, as the rat and mouse, which are amply provided with food at 
all seasons of the year. In experiments in which the food given such 
animals has been inadequate in amount or not composed of constituents 
essential to maintain health, however, reproduction has been markedly 
affected in that sexual maturity has been delayed, litter production 
lessened and the size of the litters decreased (Slonaker and Card, 
23’ a, b ; Parkes and Drummond, ’25). 

It is through seasonal changes in temperature that the food supply 
of all mammals, including man, is chiefly regulated. Haycroft (’80), 
from his study of the effect of temperature on human births in Scot- 
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land, concludes that; “temperature is the main factor regulating the 
variation in the number of conceptions (and consequently of births) 
which occur during the year. It increases their number with its ele- 
vation, and this on an average of 0,5 per cent for an elevation of 1° F. — 
Increase of temperature is favorable to health and the increased 
capacity of conception in warm weather is only an indication of increased 
energy of the whole body in which this function (conception) shares.” 
Haycroft seemingly overlooked one important fact. When temperature 
is raised beyond a certain point and maintained there for some time, 
it has a very devitalizing effect on man, as well as on other mammals, 
and then tends to check, not to stimulate, reproduction. Rats, which 
lack adequate means for heat regulation, suffer greatly from high tem- 
perature in summer. Reproductive activity is then greatly lessened and 
mortality, especially in older animals, is considerably increased. 

Sexual activity, according to Heape (’09) always seems to be in- 
creased when there is a marked change in temperature, such as usually 
accompanies the turning of one season of the year into another. It is 
obviously not due to a higher or to a lower temperature alone, but is 
“essentially governed by the resultant of the various forces which are 
induced by a marked change of climate within certain limits”. 

Temperature is seemingly the one environmental factor that could 
have altered the reproductive rhythm in the various races of Norway 
rats maintained in my colony, since nutritive conditions were fairly 
constant. The temperature variations to which these rats have been 
subjected have had the same general trend, though they have not been 
as great, as those experienced by animals in their natural habitat. That 
changes of temperature likewise determine, to a greater or less extent, 
the periodic variations in reproductive activity in many animals living 
in the so-called ‘temperate’ regions of the world seems probable. Where 
the temperature changes are slight, as in tropical regions, humidity 
may be the factor that largely determines sexual activity. 

Since the body temperature in higher mammals varies but little 
at different seasons of the year, temperature cannot affect reproduction 
directly by altering the condition of the uterine membranes and so 
influencing the union of ova and sperm, as has been suggested. Its 
influence, therefore, must be an indirect one. 

A pronounced change of temperature, whether it is from the severe 
cold of winter to the more moderate temperature of spring, or from the 
heat of summer to the colder weather in late autumm, seems to ‘tone up’ 
the body generally, both in lower mammals and in man. This general 
increase in vigor is, primarily, an increase in body metabolism. The 


effect of this stimulus may persist for a longer or a shorter time, depend- 


ing upon the age and physical condition of the individuals. It cannot 
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be maintained in any case, of course, unless nutrition is adequate. The 
reproductive organs are, particularly sensitive to changes in environ- 
mental condition, as Darwin has shown, and they might be expected 
to respond very quickly to changes in body metabolism. It is precisely 
at the time when temperature changes that favorably affect metabolic 
processes are most pronounced that reproductive activity is most mani- 
fest and the number of conceptions greatest. It is in early autumn, as 
a rule, when the high temperature and high humidity of summer have 
lowered body ‘vigor’ that generative activity is at its minimum. 

The rise and fall of temperature at the changing of the seasons 
which stimulate metabolic activity thus indirectly seem to increase 
reproduction; extremes of temperature which lessen metabolism have 
the opposite effect. It is probably, therefore, that the changing sea- 
sons influence the breeding of mammals, through the effects of tem- 
perature on metabolic activity. 

2. Seasonal variations in the sex ratio of mammals. 

In the various tables in this paper the sex ratio is given as the number 
of males to each 100 females. There are advantages in presenting the 
sex ratio as the percentage of males in a given series of individuals, but 
the former method has been employed to accord with that used by most 
of the investigators w r hose data have been cited. 

There seems to be some question at present as to how the probable 
error of the sex ratio should be calculated. The method that has 
frequently been used gives probable errors that are seemingly too 
low; a second method (Yule, ’22) apparently errs in the opposite 
direction, since for small series of data or where the sex ratios show 
w r ide deviations from equality, the probable errors become so high that 
none of the ratios can be considered as statistically important. The num- 
ber of individuals comprised in the various tables given in this paper is 
fairly large, therefore the second method of calculation the probable 
error of the sex ratio has been used. 

Whether there is a seasonal variation in the sex ratio of mammals 
that can be correlated w r ith seasonal variations in fertility is a question 
that has interested many investigators, and various series of data have 
been cited either in confirmation or in refutation of such a relation. 

A former analysis of a series of data for the albino rat (King and 
Stotsenburg, ’15) show r ed that the sex ratio was lowest in individuals 
bom at the period of maximum fertility, and highest when reproduction 
was at its minimum. A similar inverse correlation between fertility 
and the sex ratio has been noted for mice (Parkes, 24b), and is indicated 
by Heape’s (’08) data for greyhounds and collies as well as by various 
series of data for man (Dusing, ’84; Goehlert, ’88; Heape, ’09; Cobb, 
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’14). On the other hand, data for the rat (Hanson and Sholes, ’24), 
for the pig (Machens, ’ 15; Pabkbs, ’26a), and for man (Lewis and 
Lewis, ’06; Bonnier, ’23) show no significant correlation between 
the sex ratio and the periodicity in reproductive activity that occurs 
at different times of the year. 

It would seem to be a hopeless task to attempt to bring these diverse 
findings into any semblance of accord. Either the relation between 
the sex ratio and fertility differs greatly in various species of mammals, 
or the statistical data are at fault. The latter seems the more probable 
explanation. 

A brief survey of the sex ratios in the various series of data cited 
will pave the way for a general consideration of this subject. 

The two strains of inbred Albinos which furnished the data given 
in table 1 showed marked differences in their sex ratios for many ge- 
nerations (Kino, ’18c), yet when their data are combined the sex ratio 
in the entire series of 65,724 individuals is near equality (100,18 
to 100 $). Variations from this mean are not great in any month of the 
year. Between the highest ratio (August) and the lowest ratio (October) 
there is a difference of 7,70 zb 2,53. Since this difference is slightly 
over three times its probable error, it may be considered as significant. 
Differences between the ratios for any other two months or between 
those for various seasons cannot de deemed as important. There is, 
seemingly, but one yearly cycle in the sex ratio of this series of Norways. 

Monthly variations in the sex ratio for inbred Albinos are shown 
graphically in chart 4. The important changes in the sex ratio in these 
Norways occur in the latter port of the year, as the graph in chart 
4 shows. 

The sex ratio in the entire series of 20,515 outbred Albinos (table 2) 
agrees with that for the inbred Albinos in being close to equality (99,98 <$ 
to 100 $) ; the monthly variations in the sex ratio, however, are much 
greater. The highest ratio is that for individuals conceived in June 
(106,13 (J to 100$); the lowest for those conceived in September (91,86 
to 1009)- The difference between these extreme ratios (14,27 qz 4,28) 
is well over three times its probable error and therefore may be considered 
as statistically important. In this series, also, seasonal differences 
between the ratios are unimportant. 

The graph for the sex ratio in outbred Albino is shown by the un- 
broken line in chart 4. The course of this graph is very irregular with 
alternating high and low points. Only the highest and lowest points indi- 
cate statistically important differences in the ratio, and show the yearly 
trend. 

In the grey Norways the sex ratio for the series of 14,829 individuals 
in again close to the 1 : 1 ratio. Monthly variations in the sex ratio, 
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shown graphically in chart 4, tend to be less than those in out bred 
Albinos. Between the highest ratio (May) and the lowest (December) 
the difference of 16,09 ± 5,24 is just over the borderland of ‘statisti- 
cal importance’. Seasonal differences in the ratio, although greater 
than those in the Albinos, are not important when judged by their prob- 
able errors. 

The hybridization factor shows its effect in the hybrid and piebald 
group of Norways, and the sex ratio for this series of 12,641 individuals 
rises to 104,25 to 100 $. Monthly variations in the sex ratio are very great. 



Jan Feb March flpr/i May June July Pug Sept Oct. Nov. Dec. 

Chart 4. Graphs showing monthly variations in the sex ratio in different races of Norway rats 

(data in tables 1 — 4). 

The graph in chart 4 for this series of Norways has two high points 
(January and April) which show significant differences from the low- 
points in March and in October. This graph does not accord w f ell with 
any of the other graphs for Norway rats shown in chart 4. Since hy- 
bridization in undoubtedly responsible for the high sex ratio in these 
Norways, it is probably also responsible for the great variations in the 
sex ratio found at different times of the year, as these rats were under 
the same environmental conditions as the other Norways. 
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The main conclusion that can be drawn from this survey of the 
trend of the sex ratios in various series of Norway rats is that there is 
a yearly, but not a strictly seasonal, cycle in the sex ratio. The highest 
point in the cycle comes in the spring or early summer ; the lowest point 
in early autumn. 

Graphs for seasonal variations in the sex ratio in each series of Nor- 
ways are shown in chart 5. Comment on these graphs will be made later. 

The combined data for all Norway rats, as given in table 5, shows 
a sex ratio of 100,45$ to 100$. Omitting the data for the hybrid and 
piebald group, since their sex ratio has undoubtedly been influenced 
by a definite factor (hybridization), there remains a total of 101 068 in- 
dividuals in which the sex ratio is 99,88$ to 100$, or only 0,12 from 
equality. This ratio is as near the 1 : 1 
ratio as the most ardent advocate of the 
chromosome theory of sex determination 
could ask. 

Minor fluctuations in the monthly sex 
ratios tend to disappear in table 5, and 
the graph showing the general trend of 
these ratios (chart 8) is very different from 
any of those constructed for the separate 
races (chart 4). Only one difference bet- 
ween various ratios, that between the April 
high and the November low (5,93 1,99), 

can be deemed important. This combined 
series of data, therefore, shows but one 
valid yearly cycle in the sex ratio. 

When the data for various races of 
Norway rats are arranged by semi-yearly 
periods (table 6), it is found that in every case the sex ratios are 
slightly higher for conceptions occuring in the first half of the year 
than for those in the second half. In no case, however, is the difference 
great enough to be considered as significant. 

Until a more extensive series of data is available, the sex ratio in 
the combined data for outbred Albinos and for grey Norways (table 7), 
which is 99,64 $ to 100 $, will be considered as representative for Nor- 
way rats in general when the data given cover the reproductive life of the 
breeding females. 

The equality in the proportion of the sexes found in all races of rats, ex- 
cept in the hybrid and piebald group, is an unexpected outcome of the 
analysis of these various series of data. The ‘normal 4 sex ratio in the rat, 
usually given as about 107 $ to 100 $, is considerably higher than 
that found in the present series of data. I attribute the 1 : 1 ratio found 
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Chart 5. Graphs showing seasonal 
variations in the sex ratio in different 
races of Norway rata (data in tab- 
les 1-4). 
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in these Norways chiefly to the fact that the great majority of the re- 
cords for all litters were taken at or shortly after parturition, and that 
these records cover practically the entire reproductive life of the breeding 
females. I do not think it due, to any extent, to the relatively large num- 
ber of individuals in the various series, to the environmental conditions 
under which the breeding animals were maintained, nor to the fact 
that breeding was continued through each year and not confined mainly 
to the 'collegiate’ year of about nine months, which cuts out summer 
records and so materially changes the results. 

The age of the mother seemingly influences the sex ratio in the rat 
quite as much as it influences her fertility in general. There are two 
periods in the life of the female rat (race immaterial) when the sex ratio 
in the litters that she casts tends to be very high, and there are two 
periods when this ratio is low. These two extremes apparently balance 
each other when the entire, unrestricted breeding history of the mother 
is shown. The usual method of discarding breeding females when they 
have passed the height of their reproductive activity give sa sex ratio 
for the portion of the reproductive period covered that is not represen- 
tative of the ratio for the whole of this period : it covers two periods when 
the sex ratio in the young tends to be high, and only one period when 
this ratio tends to the low. Whether there is a similar equality of the 
sexes in the young of other mammals when breeding records are fairly 
complete remains to be determined. 

Hanson and Sholes’ (’24) records for the albino rat also show T a 
seasonal cycle in the sex ratio, the proportion of males being highest 
among rats bom in autumn and winter, and lowest for those bom in 
the spring. The difference between these ratios, however, is not deemed 
statistically important. Since the data as presented by these investi- 
gators cannot be arranged according to the time of conception, the sex 
ratios given are not comparable with those for Albinos as given in this 
paper. 

Parkes’ (’26 b) data for the mouse, when arranged according to the 
time of conception of the litters (table 8) gives sex ratios that vary 
greatly in different months of the year. The extraordinary high ratios 
in the late autumn are out of line with ratios for corresponding months 
found in the rat and in other mammals. The probable reason for these 
aberrant ratios, as well as for the drop in litter production in the latter 
part of the year, lies in the fact that the mice were removed to new 
quarters and were “subject to considerable disturbance during the 
following year”. Since a great deviation from the mean in the ratio 
for any month is bound to influence the seasonal ratio containing that 
month, the combination of data by seasons gives ratios that are also 
very diverse. The difference of 29,81 ± 10,87 between the extreme ratios, 
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great though it is, fails to become significant because of the size of its 
error. The seasonal variations in the sex ratio for the mouse are shown 
by a graph in chart 6. The rapid and continued rise in the sex ratio 
from spring to autumn and its abrupt drop at this point are brought 
out clearly in chart 6. That there is one very pronounced seasonal 
cycle in the sex ratio is very evident. 

Sumner, McDaniel and Huestis (’22) 
give a graph for monthly sex ratios in the 
deer- mouse, Peromyscus , based on data of 
conception. This graph is very different 
from that for any of the lower mammals 
shown in this paper in that it indicates a 
well marked biannual cycle in the sex ratio 
with high points in February and September 
and low ones in April and October. Since 
this graph was based on data obtained from 
matings that "were to a large extend 
controlled in accordance with the demands 
of the breeding experiments”, it probably 
does not represent the normal seasonal 
trend of the sex ratio in this species. 

The trend of the sex ratio in the pig 
(table 9) is very irregular, and shows a 
distinct biannual cycle. The only statistic- 
ally important difference between the high 
and low ratios, however, is that between 
the May and August ratios (40,40 ± 10,99), 
so it must be assumed that there is only 
valid yearly cycle in the sex ratio of the 
pig. Seasonal changes in the sex ratio, 
which are shown in chart 6, are not import- 
ant when judged by the error of their 
difference. 

Unfortunately, Parkes* (26a) large series of data for the pig are 
combined in four groups which do not correspond with the divisions 
of the year as adopted for this paper. The sex ratios given, Parkes 
states, show no signifiant variation, either in correlation with the birth 
rate or with any other factor. 

The sex ratios obtained for the greyhound (table 10) are all very 
high, the mean (115,80 (J to 100 $) being much higher than that for 
any other mammal cited. Because of the omissions in the data due 
to restriction placed by breeders on reproduction, this series of ratios 
is of little value as representing the seasonal changes that probably 
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Chart 0. Graphs showing seasonal 
variations in the sex ratio in the 
mouse, pig and dog (data in tab- 
les 8-10). 
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occur. Differences between the monthly and seasonal ratios are un- 
important. 

With the exception of the greyhound, forwhich the data are inadequate, 
all of the lower mammals for which data are given show a yearly cycle 
in the sex ratio, though not a pronounced seasonal one when the differ- 
ences between the ratios are judged solely by their probable errors. 
The monthly variations in the sex ratio are very great in some cases, 
but these variations are not statistically important when judged by 
probable errors calculated by Yule’s ’(22) method. In every table 
given for these mammals one sex ratio appears that exceeds the lowest 
by a difference that is at least three times its probable error, and there- 
fore is presumably significant. These two ratios have been taken to 
represent the high and the low points in the yearly cycle. The months in 
which these extreme ratios appear vary in different mammals, but in 
general the highest ratio tends to appear in individuals conceived in 
a month of spring or summer; the lowest ratio is found more often in 
an autumn or winter month. 

For the series of data for man obtained from the Eugenics Record 
Office the sex ratio is relatively high (108,71 to 100 $). This increase 
from the norm of 105,5 $ to 100 $ (Nichols, ’07) may be due either 
to the completeness of the records, or to one of several factors that have 
been stated to influence the proportion of the sexes in the young at 
birth. Only families containing at least four children are included in this 
series (table 11). The ratio may be influenced, therefore by the fact 
that “sehr fruchtbare Ehen scheinen reicher an Knaben zu sein als 
minder fruchtbare und kinderarme Ehen” (Geissler, ’89). The families 
furnishing these data belong mainly to the so-called ‘upper classes’ 
which live under more favorable nutritive and environmental conditions 
than do those of the laboring classes. In such families, Punnett (’03) 
has pointed out, the prenatal mortality which bears more heavily upon 
the males is lessened, since expectant mothers receive proper care and 
adequate nutrition. 

Another fact that may have some bearing on the sex ratio in this 
series is that many of the marriages may have taken place between 
individuals of different racial stocks, since America is the ‘melting pot' 
of races of mankind. Hybridization tends to increase the relative pro- 
portion of male offspring, as Pearl and Pearl (’08) have shown. A 
sex ratio of 108,3 $ to 100 $, which is remarkably close to that shown 
in table 1 1 , has been found for another series of data from 3000 American 
families (Nichols, ’05). 

A graph based on the data for man in table 11 is shown in chart 7. 

There are no important changes in the graph for man, shown in 
chart 7, during the early months of the year. The graph reaches its 
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highest point in July where the sex ratio is 115,46 £ to 100 $, and then 
falls abruptly to its lowest point in August. This drop represents a 
significant difference of 20,50 ± 6,64 between the extreme ratios. There 



ChartJ. Graphs showing monthly variations in the sex ratio in man (data in table 11), and in 
the Norway rat (data in table 7). 


is a subsequent rise to a second high point in October, which is 19,81 
± 6,55 above the August low, and a decline during the remainder of 
its course. 



Chart 8. Graphs showing monthly variations in the sex ratio in man and in the Norway rat: graph 1 
** based on the United States Census data (table 12) ; graph 2 was constructed from DUsing’s data 
tor living births (table 13) ; graph 3 is based on DCbing’s data for all births. The graph for the 
rat is based on data in table 6. 


Seasonal variations in the sex ratio for the Eugenics Record Office 
series of data for man are shown graphically in chart 9. They will be 
discussed later. 

W. Roux’ Archiv f. Entwicklungsmechanlk Bd. 112. 7 
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The very large series of data obtained from the United States Census 
reports (table 12), and from Dusing’s records for births in Prussia (table 
13) give sex ratios that seemingly vary little in the different months of 
the year. In such large series of data, however, slight variations are 
often significant. These ratios are shown by graphs 1 and 2 in chart 8. 

A graph based on Dusing’s data for all births is also included in 
chart 8 (graph 3). The addition of stillbirths to the data for living births 
raises the general level of the sex ratio from 105,42 to 106,28 $ to 
100 $. It does not, however, appreciably change the trend of the ratios 
in the different months of the year, since graphs 2 and 3 run nearly par- 
allel throughout their entire course. 

In all three graphs for man shown 
in chart 8 there is evidence of a 
biannual cycle in the sex ratio. 
Graph 1 , for the United States Census 
data, shows two high points; one 
for conceptions in April, the other 
for conceptions in August-September. 
Corresponding low points appear 
for conceptions in June and Feb- 
ruary. Differences between the high 
and low points are several times 
their probable errors and are sig- 
nificant without doubt. 

Graph 2 and graph 3 in chart 8 
(Dusing’s data) have high points 
for March and October conceptions, and low points for conceptions in 
June and December. The differences between the extreme points are 
statistically important, though not by margins as great as those for the 
United States Census data. 

The trend of seasonal variations in the sex ratio for all series for man 
are shown in chart 9. 

The combination of data by season of conception gives sex ratios 
for the United States Census series that entirely eliminates the spring 
rise in the ratio that is indicated by the monthly data, since the course 
of graph 1 in chart 9 is upward from its beginning until it reaches its 
highest point in Autumn. Between the ratio in spring and that in 
autumn there is a difference of 0,34 ± 0,105, which may be deemed 
significant. Dusing’s data show that the sex ratio for spring conceptions 
is slightly above that for summer conceptions, but not significantly 
so (0,34 ± 0,125). Graph 2 and graph 3 in chart 9, indicating the trend 
of the ratios in Dusing’s data, run parallel and reach their highest 
point in autumn. 



Chart 9. Graphs showing seasonal variations 
in the sex ratio in man and in the Norway rat. 
Lettering for graphs 1—3 as in chart 8. 
Graph 4 was constructed from the data obtain- 
ed from the Eugenics Record Office (table 11) ; 
the graph for the rat on data in table 5. 
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Graph 4 in chart 9, representing the ratio in the Eugenics Record 
Office series of data, indicates seasonal changes in the sex ratio quite 
unlike those of the monthly changes (chart 7). This graph has its highest 
point at its beginning (spring) and its lowest point in summer, the season 
which contains both the highest and the lowest monthly ratios. The 
subsequent rise in the graph (autumn) is not indicative of a biannual 
cyle in the sex ratio. In fact, none of the changes in the graph are im- 
portant, since between the high ratio in spring and the low in summer 
there is a difference of only 3,42 ± 3,92. A yearly cycle in the sex ratio 
for this series is clearly indicated by the data in table 11 (chart 7), but 
seasonal variations in the ratio are not significant. 

When the data for man are grouped by semi-yearly periods (table 14) 
it is found that the sex ratio for conceptions in the first part of the year 
is higher than that in the second part in the Eugenics Record Office series, 
though the difference between these ratios (4.46 ± 2.74) is not signifi- 
cant. On the other hand, ratios for the second part of the year are higher 
than those for the first part in both the United States Census and Du- 
sing’s series, the difference being important only in the former series 
(0,47 ± 0,07). 

The summary given in table 15 will facilitate a comparison between 
the sex ratios for the various species of mammals and also form a basis 
on which to discuss the relation between fertility and the sex ratio. 

In all Norway rats, except hybrids and piebalds, the sex ratio reaches 
its highest point in spring or summer and falls to its lowest point in 
autumn or winter, although the months in which the highest and lowest 
ratios appear vary in different races. The seasonal combination of data 
for all races brings the highest sex ratio in winter, but if the data for 
hybrids and piebalds are excluded because hybridization has probably 
influenced the ratios, the highest ratio comes in the summer months 
(100,45 $ to 100 $), and is only 0,12 above that for the spring. 

Autumn is unquestionably the season when the sex ratio in the rat 
is at its lowest point. This is shown clearly by the graphs in chart 5. 
The difference between the high and the low points in these graphs are 
not important, if judged solely by their probable errors. The fact that 
all graphs show the same general trend should have some weight, I 
believe, when final conclusions are drawn. 

There is no accord in the periods of highest and of lowest sex ratios 
for the mouse, pig and dog, as shown in table 15. Graphs for seasonal 
variations in the sex ratios of these mammals (chart 6) have one point 
of interest in common. Their course indicates that conceptions in autumn 
tend to produce a greater proportion of male offspring than do those 
at any other season of the year. These graphs show exactly the reverse 
trend in the sex ratio to that indicated by graphs for the rat in chart 5. 
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This difference may mean either that various mammals react differently 
to seasonal conditions which affect the sex ratio or, which seems more 
probable, that the various series of data are not equally valid from a 
statistical standpoint. 

The periods of high and of low sex ratios in the three series of data 
for man show little accord, although in all of them the lowest ratio comes 
in a summer month. Graphs for the seasonal variations in the ratios 
(chart 9) show a rise in the autumn which accords with the trend of the 
ratios in the mouse, pig and dog (chart 9), but not with those for the rat 
(chart 5). 

The differences to be expected between the findings from a ‘random 
sampling’ of a given population and those from a fairly complete series 
of breeding records are well shown in the various series of data given in 
this paper. The very great diversity in these series makes it impossible to 
draw any conclusions from them as a whole. The most complete series 
of data are those for the various races of rats and for man (Eugenics 
Record Office). Considering, for the moment, only these data it is found 
that graphs showing the monthly trend in the sex ratios (chart 7) are 
much alike. Although the high and the low points in these graphs do 
not always come in the same month of the year, both graphs have the 
same general trend. The sharp decline in the graphs as summer wanes 
represents a decrease in the sex ratio that is statistically important in 
each case. The likeness between these graphs, both based on data more 
complete than any heretofore obtained for these species, is too great, 
it would seem, to be merely the result of chance. From these graphs 
it appears that in both the rat and in man the sex ratio tends to be 
high for conceptions in spring and summer, then to fall to a low point 
in early autumn. It rises again in October and subsequently is at a 
relatively low point until the late spring. 

No exact relation between fertility and the sex ratio in mammals 
can be deduced from the summary of findings in table 15. Months of 
maximum and of minimum reproductive activity are at variance with 
those for the highest and the lowest sex ratio except in two of the Nor- 
way series. In four of the eleven series of records, however, the season 
of lowest productiveness in also that in which the sex ratio is at its lowest 
point ; in not a single case is the reverse correlation found. That periods 
of high productiveness coincide with periods when the sex ratio is also 
high is not evident from table 15, but an examination of the various 
tables w ill show’ that the sex ratio is usually above the mean in months 
when conceptions are most numerous. There is little in these findings 
to indicate a reverse relation between fertility and the sex ratio in lower 
mammals as maintained by Wilckens (’86, a, b), Frohlich and Georgs 
(’ll), Machens (’15) and others. 
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In the three series of data for man the findings are discordant and 
out of line with those for lower mammals. The inverse relation between 
fertility and the sex ratio, brought out clearly in Du sing’s data, is not 
indicated in the United States Census data, since here one period of 
high productiveness (June) is associated with a low sex ratio while the 
second period of high productiveness (November) is not. Corresponding 
periods of minimum breeding show in one case (February) a low ratio 
and in the other (September) a high one (table 12). In the Eugenics 
Record Office data for man there is but one yearly cycle in both the 
number of conceptions and in the sex ratio. In the month when most 
conceptions occur (November) the sex ratio is above the mean for the 
year; in the month of the lowest number of conceptions (July) the sex 
ratio is at its highest point. 

Since the average size of the litters in various races of rats, and also 
in other of the lower mammals, remains practically constant throughout 
all months of the year, it would seem that the pronounced monthly 
variations in the sex ratio must be due either to the action of factors 
that favor one sex at the time of conception, or to prenatal mortality 
that is selective in its action and tends to eliminate embryos of one sex 
more readily than it does those of the other sex at different times of 
the year. 

The sexes should be conceived in equal numbers, according to the 
current chromosome theory of sex determination. To account for a high 
sex ratio at conception it has been assumed that male-producing sperma- 
tozoa, being smaller, are more active and have a greater rapidity of 
movement than have the female -producing spermatozoa, consequently 
they win the race to the ova more frequently. No proof of this assump- 
tion has ever been given. 

At present there is no way of satisfactorily determining the sex 
ratio at conception (the primary sex ratio) in any mammal, although 
experimental work, like that of McDoweul and Lord (’25a, b) on mice, 
offers promise of important developments in this field. The only 
method of approximately estimating the primary sex ratio is to ob- 
tain the fetuses dying in utero and to compare their sex ratio with the 
sex ratio at birth (the secondary sex ratio). A high prenatal sex ratio is 
indicative of a high primary sex ratio when the secondary ratio is near 
equality. 

In pluriparous mammals prenatal mortality is difficult, if not im- 
possible, to determine, since many of the dead embryos are absorbed 
in situ (Hammond, *14; Huber, ’15; Long and Parkes, ’24). In the 
rat prenatal mortality seems to eliminate about one fourth of the ova 
(Long and Evans ’22). Stillborn young form about two per cent of the 
total number of offspring in this species and among them the sex ratio 
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is 129,3 (J to 100 $ (King, ’21). No determination has been made as 
yet of the sex ratio in fetuses dying before parturition. If prenatal 
mortality in this mammal eliminates as many males proportionally 
during gestation as it does in man the primary sex ratio must be close 
to Pabkes’ (’26a) estimation for the pig, mamely, 150 to 100 $. 

From various determinations made for man, for whom alone among 
monoparous mammals data for abortions are available, it is evident 
that intrauterine mortality is very high. Schultz (’21) estimates that 
out of every 100 fertilized ova only 78, or less, develop to term, the re- 
mainder being aborted. In all cases male fetuses die more frequently 
than female fetuses, and the earlier the age at which death occurs the 
greater the excess of males among them. Auerbach (’12) found the sex 
ratio to be 229 <$ to 100 9 for fetuses in the fourth month of gestation, 
and 116 to 100 9 for fetuses of the seventh month. High male mor- 
tality has been reported in man by Nichols (’07), Rauber (’00), Davis 
(’17 — ’26) and others. From these findings it is evident that the primary 
sex ratio in man must be very high. Auerbach estimates it at 125 q 
to 100 $, although other investigators place it at from 108,74 <$ to 
100 $ (Schultz, ’12) to 111,0 to 100 9 (Lenhoss^k, ’03). 

A variation in the number of aborted and of stillborn young in 
different seasons of the year might be expected to have an effect on sea- 
sonal variations in the sex ratio. Dusing says that, “Bei den Kindern, 
welche im Anfang des Jahres erzeugt und im Herbst geboren werden, 
zeigen sich die wenigsten, dagegen bei denen, welche im Friihjahr ge- 
zeugt und im Winter geboren werden, die meisten Totgeburten.” The 
addition of the stillbirths to the living young in Dusing ’s series of 
data raises the ratio for spring conceptions 0,92 ± 0,12, and those for 
winter 0,84 ± 0,12. As the sex ratios are very high for stillbirths in 
all months of the year no important change in the trend of the ratios 
is produced by their inclusion. 

Although the data for births in Sweden do not show' any direct cor- 
relation between the sex ratio and the number of stillbirths, Bonnier 
(’23) ascribes the seasonal variations in the sex ratio, which he deems 
unimportant, to seasonal mortality. He assumes that through abortions 
and stillbirths there is a continuous equalization of the sex ratio. The 
rise in prenatal mortality at one season is supposed to have its disturbing 
effects distributed throughout the next eight months so that variations 
in prenatal mortality tend to balance each other as far as the ratio at 
birth is concerned. 

Whether the variations in the sex ratio in man that occur during 
the year are due to changes in the number of stillbirths and abortions 
at different seasons or whether the primary sex ratio changes at dif- 
ferent seasons is still to be determined. Evidence brought forward by 


Digitized by VnOOQLe 


of mammals, with special reference to the rat 


103 


Duseng and Bonnier seems to me to indicate that the yearly trend in 
the secondary sex ratio is not markedly affected by prenatal and birth 
mortality, since the variation in such deaths at different times of the 
year is not great and the mortality is invariably greater among male 
than among female fetuses. 

In a former study of birth mortality in the albino rat (King, ’21) 
it was found that stillbirths were fairly evenly distributed throughout 
the year. The percentage of stillbirths in the total litter production, 
however, showed considerable seasonal variation, being nearly twice 
as great in autumn (3,04 per cent) as in summer (1,78). Unfortunately 
seasonal variations in the sex ratio among these stillborn young were 
not determined; but it could not have been great enough, considering 
the number of individuals involved, to influence the monthly secondary 
sex ratio. In the rat prenatal mortality seem to act fairly uniformly 
throughout the various months and seasons of the year, since the average 
size of the litters is not affected. Presumably it also acts to eliminate a 
greater number of male than of female fetuses, judging from conditions 
in man and from the fact that the sex ratio is very high in the stillborn. 
I am inclined to the opinion, therefore, that significant variations in 
the secondary sex ratio in the rat must be due to changes in the pri- 
mary sex ratio, as Parkes (’24 b) concludes is the case in mice. 

Arguments have been advanced in the first part of this paper in 
favor of the view that seasonal changes in temperature influence re- 
productive activity through their effect on body metabolism. From the 
findings regarding the relation between litter production and the sex 
ratio in various races of Norway rats it would appear that temperature 
also, in the same way, has an effect on the primary sex ratio in this 


species. 

As a possible explanation of the way in which seasonal variations 
in the primary sex ratio might be produced, Parkes (’24b) states: 
“In animals with a marked breeding season, the spermatozoa must 
towards the end be matured in comparatively unfavorable conditions, 
and such conditions very likely have a greater lethal effect on the 
apparently less hardy X-spermatozoa than on the apparently more 
hardy Y-spermatozoa. ’ 5 

What the unfavorable conditions are that may affect the spermato- 
zoa at the end of the breeding season, Parkes does not state. Assuming 
that they are environmental, it might be supposed that lower body 
metabolism induced by unfavorable temperature and inadequate food 
is the ‘lethal’ factor tending to reduce the number of male -producing 
spermatozoa and so to decrease the sex ratio at conception. This change 
would occur in autumn when reproductive activity is low. On the 
other hand, increased metabolic activity induced by the favorable rise 
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in temperature and more adequate nutrition in spring would tend to 
conserve the male -producing spermatozoa, and, assuming that they 
are the more active of the two kinds, this activity would give them 
enough advantage to insure a high primary sex ratio at this season 
of the year. 

There is another way in which it seems possible to account for a 
periodic variation in the primary sex ratio of mammals. The chromo- 
some theory of sex determination leaves the decision as to whether a 
given ovum shall develop into a male or into a female to chance, or 
places it upon the assumed greater abundance or greater activity of 
one kind of spermatozoa. It may be valid to assume that favorable 
or unfavorable conditions that alter body metabolism can change the 
relative proportion of the two kinds of spermatozoa, but I do not see 
why this assumption always implies that the ova are immune to such 
changes. There is considerable evidence that an increase in body meta- 
bolism in the female induces increased activity on the part of the ovary 
and has a marked effect on oestruation (Slonaker, *24). If it be granted 
that the ova may be influenced by periodic changes in metabolic activity, 
it is not necessary to assume that their level of metabolism is altered 
and that sex is determined by the high or the low level of meta- 
bolism in the ova, not by the spermatozoa. — Though the important 
work of Riddle (T6; ’17a, b etc.) on pigeons makes this assumption 
very attractive. Granting that fertilization may be selective, although 
there is no proof or disproof that such is the case, it seems possible 
that the admitted periodic changes in body metabolism that occur 
at different seasons of the year may influence the ova in some way 
so that they have a greater chemical attraction or repulsion for one 
kind of spermatozoa than for the other at different times. On this view 
increased metabolism, which favors reproductive activity, would seem 
to render the ova more readily fertilized by male -producing than by 
female -producing spermatozoa. Decreased metabolic activity, which 
lessens productiveness, would tend to favor the fertilization of the ova 
by spermatozoa that are female -producing. 

So many factors, physiological as well as environmental, act on re- 
production that it is difficult, if not impossible, to determine just what 
alterations in fertility and in the sex ratio can be attributed to tempera- 
ture and nutrition changes occurring at different periods of the year. 
Many of the factors that are known to influence reproductive activity 
were eliminated in the breeding of the various series of Norw ay rats for 
which data are given in the present paper, and the series of records is 
complete enough to show the trend in litter production and in the sex 
ratio not only during the various months and seasons of the year, but 
also during the reproductive life of the breeding females. From the find- 
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ing in these data it appears that there is a pronounced yearly cycle in 
litter production and in the sex ratio; periods of high productiveness 
tend to be associated with a high sex ratio more often than with a low 
one, and vice versa. As a tentative explanation of these facts it is 
assumed that temperature is the environmental factor that has most 
influence on reproduction, and that it acts indirectly through its effect 
on body metabolism. An increase in body metabolism induced by favor- 
able changes in temperature, which may be either towards a higher 
or a lower level, is assumed to increase reproductive activity and to raise 
the primary sex ratio through its effect on the ova, not on the spermato- 
zoa. Unfavorable temperature changes, such as extreme and prolonged 
heat and cold, which lower metabolic activity, correspondingly decrease 
productivity and also the primary sex ratio on which the sex proportions 
among the young at birth seem to depend. 

Summary. 

This paper gives an analysis of series of data for various mammals 
relative to seasonal variations in fertility and in the sex ratio. 

Data given for various races of Norways rats comprise a total of 
16487 litters containing 113709 individuals. The records cover the 
entire litter production of a large number of females bred in the animal 
colony of the Wistar Institute of Anatomy and Biology at various times 
during the past eighteen years. Data given for other lower mammals, 
the mouse, pig and dog, were obtained from birth statistics for these 
animals already published. 

The most complete series of data for man is that obtained through 
the courtesy of Dr. C. B. Davenport, Director of the Eugenics Record 
Office at Cold Spring Harbor, N. Y. This series comprises unpublished 
records of 1 983 American families in which there was a total of 11 381 
births. A second series of data for man used is that for births in the 
registration district of the United States during 1915 to 1924 inclu- 
sive, as reported by the United States Census. The third series is 
that for births in Prussia (1872 — 1881) as given by Dusing (’84). 

In all the various tables the data given are arranged according to 
the probable time of conception, and the sex ratios are shown as the 
number of males to each 100 females. 

In all of the lower mammals for which date are given fertility, as 
measured by the number of litters cast, appears to be at its maximum 
in spring or summer, and at its minimum in autumn or winter. There 
is, evidently, but one pronounced cycle in fertility during the ye ir. 

There does not appear to be any marked correlation between seasonal 
variations in litter production and litter size. The average size of the 
litters cast appears fairly constant throughout the year, and does not 
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seem to be influenced to any extent by the month or season in which 
conception occurs (chart 2). 

In all lower mammals studied, with the exception of the mouse, 
more litters are conceived, the average size of the litters is greater and 
the sex ratio is higher during the first half of the year than during the 
second half (table 6). 

The data given for man are conflicting as regards the relative number 
of conceptions occurring in different months and seasons of the year. 
The data for the United States registration area and for Prussia (tablesl2 ? 
13) indicate a well defined biannual cycle in reproductive activity, with 
one maximum in summer and the other in the late autumn. The data 
from the Eugenics Record Office indicates but one yearly ‘conception’ 
cycle, with its maximum in November and its minimum in July (table 11). 

There is no accord in the series of data for man regarding semi- 
yearly differences in the number of conceptions and in the sex ratio. 
The combined data for over 24000000 births show a greater number 
of conceptions in the first half of the year, but a higher sex ratio for con- 
ceptions in the second half (table 14). 

In the Norway rats, when hybridization does not influence the re- 
sults, the sex ratio closely approximates the 1 : 1 ratio. 

There is a yearly cycle in the sex ratio in all the lower mammals, 
which is much more pronounced and more important statistically than 
the seasonal cycle in the sex ratio. 

In the various races of Norway rats the yearly cycle in the sex ratio 
reaches its highest point in conceptions occurring in spring or summer, 
and falls to its lowest point in autumn or winter conceptions (tables 1 to 
4). In the mouse, pig and dog, the sex ratios tend to be high for concep- 
tions in autumn (chart 6). The trend of these ratios is therefore just the 
reverse of that shown for the rat (chart 5). 

There is indication of a direct correlation between fertility and the 
sex ratio in the data for the Norway rat. Months of low productivity 
tend to be those in which the sex ratio is also low (table 15) ; those of 
high productivity show, as a rule, sex ratios that are above the mean, 
but not at the highest point. The findings for the mouse, pig and dog 
are so conflicting that no conclusions can be drawn from them regarding 
the relation between litter production and the sex ratio. 

The findings in the various series of data for man are in apparent 
hopeless discord. An inverse relation between fertility and the sex 
ratio is clearly indicated in the data from Prussia, but not in those 
from the United States Census. The trend of the sex ratio in the Eu- 
genics Record Office series of data accords well with that for the rat 
(chart 7), but that there is any exact relation between this ratio and the 
‘conception' curve for the series (chart 3) is not evident. 
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The seasonal changes in the sexual cycle of lower mammals is attri- 
buted to the effect of the rise and fall of temperature on body meta- 
bolism, not to nutrition. 

The sex ratio of conception (primary sex ratio) in the rat is estimated 
to be about as high as that in the pig (150 to 100 $). 

Prenatal mortality in lower mammals is apparently very great. 
It seemingly tends to act uniformly throughout the year, since the aver- 
age size of the litters remains practically the same at all periods of the 
year. This statement presupposes that in all these mammals about the 
same number of ova are shed at each ovulation period as is the case in 
the rat (Long and Evans, ’22). 

Variations in the sex ratio at birth (secondary sex ratio) in the rat 
are assumed to be due chiefly to variations in the primary sex ratio. 

A tentative hypothesis is advanced to account for sesonal variations 
in the primary sex ratio in the rat. This hypothesis assumes that sex 
is not determined by a purely chance meeting of the ova and sperm, 
but that fertilization is selective. Changes in body metabolism induced 
by favorable or unfavorable temperature conditions are considered 
to influence the ova and to render them more readily fertilized by one 
kind of spermatozoa than by the other at different times of the year. 

Zusammenfassung. 

Die vorliegende Arbeit analysiert eine Reihe von Ergebnissen fiber jahres- 
zeitliche Schwankungen der Fruchtbarkeit und des Geschlechterverhaitnisses 
bei verschiedenen Saugern. 

Die Befunde fiber verschiedene Rassen der norwegischen Ratte umfassen 
insgesamt 16 487 Wiirfe mit 113 709 Individuen. Die Protokolle erstrecken sich 
auf die gesamte Nachkommenschaft einer groBen Anzahl von Weibchen, die in 
der Tierkolonie des Wistar Instituts fur Anatomic und Biologie w&hrend der 
letzten 18 Jahre geziichtet wurden. Die Angaben liber die anderen niederen 
Saugetiere, Maus, Schwein und Hund, wurden bereits veroffentlichten Geburts- 
statistiken fur diese Tiere entnommen. 

Das vollstandigste statistische Material fur den Menschen verdanke ich dem 
Entgegenkommen von Dr. C. B. Davenport, Direktor des Eugenics Record 
Office in Cold Spring Harbour, N. Y. Dasselbe umfaBt unveroffentlichte Proto- 
kolle uber 1983 amerikanische Familien, bei welchen eine Summe von 11 381 Ge- 
burten aufgezeichnet wurde. Die zweite Reihe grfindet sich auf das Geburten- 
verzeichnis des Registration District der Vereinigten Staaten von 1915 bis ein- 
schlieBlich 1924, wie sie durch den Census der Vereinigten Staaten ausgegeben 
wird. Die dritte Reihe umfaBt die Angaben iiber die Geburten in PreuBen (1872 
bis 1881), die von Dusing (1884) veroffentlicht wurden. 

In ail den verschiedenen Tabellen sind die Angaben entsprechend der wahr- 
scheinlichen Zeit der Empfangnis geordnet, und das Verhaltnis der Geschlechter 
wird als Zahl der mannlichen Individuen auf je 100 weibliche dargestellt. 

Bei alien niederen Saugern, fur welche Angaben vorhanden sind, scheint 
die Fruchtbarkeit, gemessen nach der Zahl der Wiirfe, ihr Maximum im Friih- 
jahr oder Sommer, ihr Minimum im Herbst oder Winter zu erreichen. Offenbar 
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gibt es nur einen ausgesproehenen Jahreszyklus der Fruchtbarkeit innerhalb eines 
Jahres. 

Zwischen den jahreszeitlichen Schwankungen in der Zahl und der GroBe der 
Wfirfe scheint keine ausgesprochene Beziehung vorhanden zu sein. Die Durch- 
schnittsgroBe der Wfirfe erscheint wahrend des ganzen Jahres ziemlich konstant; 
sie scheint durch den Monat oder die Jahreszeit, in welcher die Befruchtung 
erfolgte, nicht wesentlich beeinfluBt zu werden (Kurve 2). 

Alle untersuchten niederen Sauger nehmen, mit Ausnahme der Maus, wah- 
rend der ersten Halfte des Jahres ofter auf als wahrend der zweiten Halfte; auch 
ist im ersteren Fall die DurchschnittsgroBe der Wiirfe groBer und das Ge- 
schlechterverhaltnis hoher (Tabelle 6). 

Die fiir den Menschen vorliegenden Angaben sind in bezug auf die relative 
Zahl der Konzeptionen in verschiedenen Monaten und Jahreszeiten widerspre- 
chend. Die Angaben fur den Bezirk der United States Registration und fur 
PreuBen (Tabelle 12, 13) ergeben einen deutlich ausgesproehenen biannuellen 
Cyclus der Fortpflanzungstatigkeit mit einem Maximum im Sommer und dem 
anderen im Spatherbst. Die Angaben aus dem Eugenics Record Office ergeben 
nur einen jahrlichen „Conceptions“cyclus mit dem Maximum im November und 
dem Minimum im Juli (Tabelle 11). 

Hinsichtlich der Angaben liber die halb jahrlichen Unterschiede in der Zahl 
der Befruchtungen und in dem Verhaltnis der Geschlechter besteht zwischen den 
drei benutzten Quellen keine Gbereinstimmung fiir den Menschen. Die ver- 
einigten Angaben liber mehr als 24 000 000 Geburten zeigten eine groBere Anzahl 
von Befruchtungen in der ersten Halfte des Jahres, aber ein hoheres Geschlechter- 
verhaltnis fiir die Befruchtungen in der zweiten Halfte des Jahres (Tabelle 14). 

Bei der norwegischen Ratte nahert sich das Verhaltnis der Geschlechter 
ziemlich genau dem Wert 1:1, wenn die Ergebnisse nicht durch Bastardierung 
beeinfluBt werden. 

Bei alien niederen Saugern zeigt das Geschlechter verhaltnis einen jahrlichen 
Cyclus, der viel ausgesprochener und auch statistisch viel wichtiger ist als der 
jahreszeitliche Cyclus des Geschlechterverhaltnisses. 

Bei den verschiedenen Rassen der norwegischen Ratte erreicht der jahrliehe 
Cyclus des Geschlechterverhaltnisses seinen Hohepunkt in den Befruchtungen 
wahrend des Friihjahrs und Sommers und sinkt zu seinem tiefsten Stand in den 
Befruchtungen im Herbst und Winter (Tabelle 1 — 4). Bei der Maus, beim Schwein 
und beim Hund verschiebt sich der Hohepunkt des Geschlechterverhaltnisses 
nach den Konzeptionen im Herbst (Kurve 6). Der Richtungsverlauf der Kurve 
fiir diese Verhaltnisse ist deshalb gerade umgekehrt wie fiir die Ratte (Kurve 6). 

Eine direkte Beziehung zwischen Fruchtbarkeit und Geschlechter verhaltnis 
ist in den Befunden fur die norwegische Ratte angedeutet. Monate mit geringerer 
Fruchtbarkeit pflegen meist auch ein niedrigeres Geschlechterverhaltnis zu er- 
geben (Tabelle 15): diejenigen mit groBer Fruchtbarkeit zeigen fiir gewohnlich 
Geschlechter verhaltnisse, die fiber dem Durchschnitt liegen, aber nicht den 
hochsten Punkt erreichen. Die Ergebnisse fur Maus, Schwein und Hund sind 
so widersprechend, daB bei ihnen hinsichtlich der Beziehung zwischen Wurf- 
produktion und Geschlechterverhaltnis keine Schlfisse gezogen werden konnen. 

Die Befunde aus den verschiedenen Angabenreihen fiir den Menschen stehen 
in scheinbar hoffnungslosem Widerspruch zueinander. Eine umgekehrte Be- 
ziehung zwischen Fruchtbarkeit und Geschlechterverhaltnis geht deutlich hervor 
aus den Angaben aus PreuBen, aber nicht aus denjenigen des United States 
Census. Der Kurvenverlauf des Geschlechterverhaltnisses in der Angabenreihe 
des Eugenics Record Office stimmt mit demjenigen fur die Ratte gut iiberein 
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(Kurve 7); aber es geht daraus nicht hervor, daB eine engere Beziehung zwischen 
diesem Verhaltnis und der „Conceptions “kurve (Kurve 3) vorhanden ist. 

Die jahreszeitlichen Veranderungen im Sexualcyclus der niederen Saugetiere 
werden dem EiufluB der steigenden und fallenden Temperatur auf den Korper- 
stoffwechsel, nicht der Em&hrung zugeschrieben. 

Das Geschlechterverh&ltnis bei der Befruchtung (prim ares Geschlechter- 
verhaltnis) wird fur die Ratte ungef&hr ebenso hoch geschatzt, als fiir das 
Schwein (150 <f auf 100 $). 

Die Mortalit&t vor der Geburt scheint bei niederen Saugem sehr hoch zu 
sein. Sie verh&lt sich scheinbar gleichm&Big wahrend des ganzen Jahres, da die 
Durchschnittsgrdfie der Wiirfe praktisch zu alien Perioden des Jahres die gleiche 
ist. Dieser Befund legt die Vermutung nahe, daB bei all diesen S&ugetieren bei 
jeder Ovulationsperiode ungef&hr die gleiche Anzahl von Eiern ausgestoBen wird, 
wie das bei der Ratte der Fall ist (Long und Evans 1892). 

Veranderungen im Geschlochterverhaltnis bei der Geburt (sekundares Ge- 
schlechter verhaltnis) bei der Ratte werden als hauptsachlich durch Ver&nde- 
rungen des prim&ren Verh&ltnisses der Gcschlechter verursacht aufgefaBt. 

Eine Versuchshypothese wird aufgestellt, um die jahreszeitlichen Schwan- 
kungen im primaren Geschlechterverhaltnis bei der Ratte zu erklaren. Diese 
Hypothese nimmt an, daB das Geschlecht nicht bestimmt wird durch ein zu- 
falliges Zusammentretfen von Ei und Sperma, sondern daB die Befruchtung 
selektiv ist. Ver&nderungen im K5rperstoffwechsel, verursacht durch giinstige 
oder ungtinstige Temperaturbedingungen, vermdgen vermutlich die Eier zu 
beeinflussen und sie zu verschiedenen Zeiten des Jahres fur die eine Art von 
Spermatozoen leichter befruchtbar zu machen als fur die andere. 

(Ubersetzt von A, HAETMANN-Munchen.) 
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